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THIS  VOLUME  contains  the  Physical  Principles 
of  Astronomy,  with  their  apphcation  to  all  the  phaenomcna  which 
arise  from  the  mutual  attraction  of  the  bodies  in  our  system.  The 
author  has  endeavoured  to  render  this  difficult  subject  easy  to  be 
understood,  by  fully  explaining  all  the  principles,  and  omitting  no 
material  steps  in  the  investigations ;  he  trusts  therefore  that  what  he 
has  here  done  may  prove  a  considerable  help  to  students  in  physical 
Astronomy,  and  tend  to  diffuse  a  more  general  knowledge  of  that 
subject.  The  Tables  and  Catalogues  of  the  fixed  Stars  will  be  found 
very  useful  to  the  practical  Astronomer. 
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CHAPTER   XXXL 

ON  THE  GENERAL  PRINCIPLES  OF  CENTRIPETAL  FORCES. 

^Ajt.  805.  If  a  body  revolve  about  an  immoveable  center  of  force,  and  be 
-Constantly  attracted  to  it,  it  will  always  move  in  the  same  plane,  and  describe 
mreas  about  that  center  proportional  to  the  times.     For  let  S  be  the  center  of     fio* 
^orce,  and  suppose  a  body  to  be  projected  at  P  in  the  direction  PQc^  and  take     187* 
ZjPQ^Qc;  then  by  the  first  law  of  motion,  the  body  would  move  uniformly  in 
*he  direction  PQc,  and  describe  PQ,  Qc  in  the  same  time,  if  no  other  force 
»cted  upon  it.      But  when  the  body  comes  to  Q,  let  a  single  impulse  act  at  S^ 
sufficient  to  draw  the  body  through  QVin  the  time  it  would  have  described  Qc, 
^xdid  describe  PQ,  and  complete  the  parellelogram  FQcC,  and  the  body,  in  the 
.mqme  time,  will  describe  QC ;  therefore  PQ^  QC  are  described  in  the  same  time, 
l^ow  by  Euclid,  B.  i.  p.  37,  the  triangle  SCQzsScQ^  and  by  B.  i.  p.  38,  ScQ  = 
£PQ ;  therefore  SCQ-SPQ^  or  equal  areas  are  described  in  equal  times.     For 
the  same  reason,  if  a  single  impulse  act  at  C,  Z),  JB,  8^.  at  equal  intervals  of 
time,  then  iStSQ  =  501)  =  5jED=<§pc.     Now  as  this  is  true  whatever  be  these 
equal  intervals,  let  them  be  diminished  sine  Umitey  and  the  limit  gives  a  force 
which  acts  constantly ;  and  as  the  reasoning  respecting  the  equal  description 
of  areas  in  equal  times,  holds  true  up  to  the  limit  (as  no  point  can  be  assumed 
before  it  comes  to  the  limit  when  it  is  not  true),  it  must  be  true  in  the  limit ; 
hence,  when  the  force  acts  constantly,  equal  areas  will  be  described  in  equal 
times  (219, 641,)  and  the  body  will  describe  a  curve  about  S.    And  as  no  force 
acts  out  of  the  plane  of  SPQ^  the  whole  curve  must  lie  in  that  plane. 
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806.  Draw  SY  perpendicular  to  QP  produced  j  then  the  area  5PQ= J  PQ 
X  SY,  which  varies  as  PQx  SY;  therefore  FCI  varies  as  ^^ea  ^FQ  .  j^^^.  jpQ 

varies  as  the  velocity  Vj  wlien  the  time  is  given  ;  hence,  V  varies  as  ^^\  ^    ^ 

oY 

* 

Now  in  the  curve  which  is  the  limit  o£FQCDEy  S^c.  SY  becomes  a  perpendicu-- 

larto  a  tangent  to  the  curve.  Hence,  F  varies  as  ^^^^  ^^'^^  ^^f '  ^"  ^  S^^^^  ^ime 

^  perpendicular  on  the  tan.    ' 

but  in  the  same  curve,  the  area  SPQ  is  given  (805)  when  the  time  is  given  > 
•  therefore  in  the  same  cttrvfe,  K  varies  as-— ^,  considering  5F  as  a  perpendi- 

cular  orv  a  tangtot^  to  that  point  of  the  curve  where  the  body  is. 

807.  If  equa^lu-^as  be  described  about  S  in  equal  times,  die  force  must  tend 
to  5.  For  let  5PCi  =  5QC;  now  SP^l^SQe,  therefore  SQC::zSQc;  hence, 
by  Euclid^  B.i.  j^r  39,  Ciris  parallel  to  Q5',  therefore  QcCVh  a  parallelogram^ 
now,  by  supposition,  the  body  describes  QCin  consequence  of  tlie  impulse  at 
Q,  and  it  would  have  describai  Qc  if  fto  trnpulse  had  acted  j  therefore  QV 
must  represent  that  motion  impressed  at  Q,  which,  in  conjunction  with  the 
motion  Qc,  can  make  the  body  describe  QC,  and  QVis  directed  to  S. 

808.  Draw  Qo  parallel  to  zCsPw  in  its  limiting  state.  Now  (Newton^s  Prin.. 
Book  L  Sect.  1.  Lem.  10.  Cor.)  QT being  the  space  described  in  a  given  tinte 
by  the  impalse  of  the  force  acting  at  Q,  the  limiting  ratio  of  QF  in  one  point 
of  the  curve  to  QV  in  another,  will  esqpress  the  ratio  of  the  forces  in  these  twa 
poitits ;  but  QVzi  2Qr = 2(>  /  hence,  the  limiting  ratio  of  Oy  to  Cv  in  two  points 
wifl  express  the, ratio  pf  the  forces.  Now  by  making  P  and  C  approach  to  Q 
as  their  limit,  they  will  arrive  at  Q  at  the  same  time,  because  PQ^  QC  are  de- 
scribed in  t[ic  same  time ;  but  when  J?  and  C  arrive  at  Q,  the  Hne  zw  ceases  to 
cut  the  curve,  and  only  touches  it  at  Q,  and  therefore  it  becomes  a  tangent  j 
c6tt^eqtiently  Qtx  (wfcich  is  the  ultimate  directfon  of  PC)  is  a  tangent  to  the 

'^^'      curve  at  Q^^    ^enjCe,  to  find^^Jbe  propi^on  of  the.  forces  in  any  two  points  P,  py 
^^®*     of  a  curve,  draw  the  tangents^  JPX^pa^,  to  those  p<;^ints,  take  two  aros  PQ,  pg 
described  in  the  same  tiine,  and  draw  QR  parallel  to  PS,  and  qr  parallel  to  pS^ 
then  dimj[nighti?i§  time,  and  Kronsequently  the  arcs  PQ,  pq^  mkI  make  them 
yanxsh,  aiid  i^atratiq^  tq, yhicjh  ^Q,  pq  approach  as  their  limit,  ia  tfee.ratio  rf 
the%rces  at  P  and  p. 
FIG.         309-  If  the*  irfeas  lie  'Hccelerated,  the  force  tends  in  consequenUa  ;  foe  if  SQC 
187.     be  greater  than  SQP  or  SQc,  then  C  must  fall  above  2l  line  drawn  from  c  paral- 
lel to  Ci5;  hence,  ttife  o£her  side  QF,  of  the  parallelogram  ^CF,  mnst  fall  ab&ve 
QSy  and  therefore  if  Q^  be  produced,  it  must  fall  above  S;  hence,  S  must 
haVfe  moved  up  irvto  that  line,  or  the  sam^  way  the  body  has  moved,  because 
the  motion  QV  arises  from  the  force  at  S,  and  therefore  S  must  have  been  in. 
^he  line  QV*    W  the  same  reason,  if  the  areas  he  retarded,  the  force  tends  in 


4mtecedtntia  ;  for  then»  slb  SQC  i«  less 'flidn  ^PQ  or  5Cc, '  C/ thust  ^ll  beitoWB, 
line  drawn  from  c  parallel  to  QS^-  hence^ ,  F  wijl  fall^e/otu  Q6\  and  thqrefore 
QV  produced  will  fall  below  S;  consequently  S  must  have  moved  in  a  direc- 
lion  contrajiy  to  the  motion  of  the.  body,  <      i^ :      ^       i    m    ...       n  ..  >j.* 

810.  Dbf.  If  the  circle  P^B  touch  the  curve  ^P^at  P,  and  PQrbe 
drawn^  making  any  finite  angle  with  the  tangent  PP;  thbh'  iT  P^^*  liiove  up     fig. 
te  Fi  and  the  limiting  mtio  t)f  JR<^ :  RT  W  a^  rat^OiiOf  e^uaUty^  that  cirx^le  is      ^  ^^* 
•called  sl  circle  qfcttrvature  to  the  curve  at  P. 

91 1.  Let  Pr  be  a  chord  of  that  circle  ^feissfti^  thi^^h' tWe  cehti^  of  forte 

S;  draw  ^SF  pei|)endi€ular  ta  tl)e  tangent^-and  !/2Q^37  paraUtel  t^  P^,  and  join 

TPj  TV;  tlien,  by  the  Definition,  the  liip^t  of  l^Q  :  JBris  a  ratia  of  equajityv 

Now  the  angle  P7P=the  alternate  ingld  7^,]^,  ^h^l!lieliigle^r>2?  bet^\^en 

*\the  chord  and  taiigent=the  angte  Pr/  ili  tfe'  ij&rto     s^rd^^ii^Jthe^^^^     the 

triangles PPr=: rrP  are  sim^ar  j>(ip^i9e,^jf  K,;  J'T:^{iZ^  7:^=;*^iInow 

whe»  tlie  time  i^given,  TM  tec^tne^^Mkkmf  itedpirttdnaf  i6^\i%'Y&ce  (8oV) ; 
al8a(^^ewt.  Prin,  Lem.  ?.  Lib.  1.  Sect.  K)the  liittit  of^ thfe  feJidrd' W to  the  arc 
P2'is  a  ratio  of  equality;  but  as  the  time  isgiven^  thea^c  Pl^'hiiliig^^    prot 

portional  to  the  velocity  F;  hencCj^the  force  varies  a^  ^Wfr"'  ^^  si^*  ^4ifne^Quive 


-    f 


(806)  r Varies  as  ~;  hence,,  the  force  varies  as^— -_^,  ir^P^¥r.;t|)is.  being 


a'^i  .. 


proved  for  the  circle,  it  mu%t  be  true  fbr  the  curve,  as  the  litAit  of  the  sagittas 
JBQt,  Jtris^(aiO)  a  ratio  of  equality,  and  the  limit  of  tlie  two^arcs^is^sb  a 
ra^io  of  equality,  aa  follows  from  Nekton's  Prin.  Life,  i,  Lem,  7>.  Sect.  U 

Heppe,  in  diflferei?t  parts  of  the  same  curve>  tfee  force  vjffie^,  «§,  ^-^i_g^. , 


\  )  .   1 


^atis^  therelocity  in  the  same  or  ilffferent  curved  varies  in  the  sAbduplicate 
ratio  of  the  force  and  chord  of  curvature  conj<)iil{ly. 

818.  To  find  the-  force  tending  to  the  foeUs  5  of  an  elHpse.    Let  P  he  the 
place  of  the  body,  i?  the  other  fijcus,  AQ  BG  the  semi^axis  tn^'or  and  minor,      fic. 
SYy  iJ2V'  perpendiculars  to  a  tangent  at^  i^,  and  DC  parallel  to  the  tangent.      ^^' 

^uj;  5= the  sine  of  the  angle  SPY  op  HPZ^  radius  beijig  unity,  then  5=^ 

£PxHP=CD*)  ^i  but  5»=^,  therefore,  1^=^;  hence,  SY»=. 
— ^^      y  also,,  by  eonics,  thp  cAor<?  ?f  w/mrM^r?^^^  J  l^ence,  (81 1) 
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*flW  fbfce^tehding  to  S  varies  as  i  'F^'    2^^^>  which  vilries  as  -rri.,  ^C 

and  J3C  being  constant.  The  same  proof  holds  for  the  hyperbola.  If  the  curve 
bd  A^patabQlOy  {iY*  varies  as  5P;  also,  the iiAord  qf  curvature^ 43 Pf  andtliere- 

fore  it  varies  as  SP ;  hence,  the  force  tending  to  the  focus  varies  as  ^^ ^ 

The  force  therefore  tending  to  thc^  focus  of  every  conic  section  varies  inversely 
as  the  sqtiare  of  the  distance. 

814.  Driiw  QT  |>efpendicdlar  to  SP;  then  by  similar  trisuigles,  QT*  :  QP* 
iiSY^rSP*::  (from  the  equation  in  the  la^  Article)  BC*  :  CD*;  hence, 

a}^=:'?^*1>r€olrfcsj  h^fieeift^^^^  latus  rectum  L.    This  is 

AC     ^  QR        AC 

^ilS^iCJU^fise^Tiii  hM^k9^'    /^^T\f,t^^  major  axis  c|ttie  ellipse  be  increased 

(9l9^j%24/^^.it<appvp^(;hie^  %\xe^jkiar(iiH>la  as  its  Umit^  and  as  all  the  above  reasoning 

^)k>14s^uPi|V>  *be,lii^i,t,  i^OTUst  be  t^e  for  the  parabola.     Hence,  in  every  conic 

ilietitoii^  X  =^gp>  *^hen  the  fbrce  tends  to  the  focus. 

815.  If  the  force  vary  inversely  as  the  square  of  the  distance,  the  body  must 
'^escrlfee  il  ccJnic  section  having  the  center  of  force  in  its  focus.     For  let  SPj 

the  angle  SPY^  tlie  velocity  and  force  "be  given  ;  then  5y  is  given ;  also,  as 
theforce  i'sgiVerf,  QR  is'given  (808)  when  the  time  is  given;  and  tfie  time  be- 
ing given,  the  space  PQ  described  with  the  given  velocity  is  given ;  hence, 

QT  is  given  j  therefore  %^  is  given ;  make  ^_c=  Z  the  latus  rectum  of  a  co^ 

.  nifc  section,  tUete  quantities  having  hee^i  pfoved  (814)  to  be  equal  in  all  the  co- 
nic sections.  But  if  we  know  SP^  SY  and  L,  we  have  data  sufficient  to  de- 
S9ribe  aconic  secfiAfri  (^cfe  my  Gottfti  Sect.)  j  thereftwe  the  body^^ry  i^evolve  in 
the  conic  section  described  with  th^e^data;  an^  if  it  may^  it  must^  as  a  body 
cftnnoti  with  all^Up  ^mp^^^  desjpj^^be  two  different  curves. 

816.  Take  ;JFf ft. in4^fipitely.^m^^,;,,th^^^^tbe  area  iS^^  as  QTxSP; 
hence,  5PQ*  vapes  as  QT*  x  Sf*,  or  (814)  asLxQRx  SP*  ;  but  (the  time 
being  giveri)  q4  varies  (868)  as  ^thVforcei' and  about  the  same  common  center 

the  force  varies  as  -—-  ;  hence,  QR  varies  as  -— -.  therefore  QR  x  SP*  is  Con- 
or^ iS"  '    .»>/■.,,•,• 

stant ;  henc^,/  when  the  time  is  given,  SPQ*  varies  as  L  in  different  conic  sec- 
tibns  about  the  ^ame  common  focus.     About  different  foti^  where  the  absolute 

forces  are  different,  if  ^=:  the  absolute  force,  tlien  the  force  varies  as 


SP 


A 

therefore  QR  varies  as  -— ;  hence,  SPQt  varies  as  ^  x  i< 


Si 7^.  A«  (Al-fi)  JJT  varies  aS  *y<fbrce  x rhJ  curv.  therefore  at  the  sa^^  ^i^jta^e 
the  force  being  the  same,  we  liave  tft^  velacity  (VJ  in  the  conic  section  at  P 

:  velocity  (\Q  in  a  circle  at  Ih^  same  dirtimcis  ^ :  v^— wr  v^^SBI:^^}^  JJbe 

ellipse  and  hyperbola)  y  — -jg —  :  ^2SP : :  ^/JS^i^  :  \/AC.    In  the  (?/ffp5^5 

HP  -  2^0-  6'P;   hence,   V:v::  ^2AC--SP  :  ^^^^yMch  is '  aJw?  fe^^ 

than  ^2\:  U  :  If.  the  major  axis  of  the  ellipse^  be  increasq^  ^k}fi  fip^tp^  jbh^  el- 
lipse approaches  to  the  parabola  as  its  limit^i^i^filttheaboyi^^ratio  approaches  to 

v/2  ;  1  as.its  linut;  hei^ce,  in  a ^arfjt^oA/^  V  :y\\^2*  1  (W5).  lortheyAy. 
perhola,  HP-2AC  +  SP;  hence,  'v :  v::^2AC+SP  :  ^/VlCy  whifch  is  al- 
ways greflifer  than  v'i":  1.  At  iiik  meanf  Viistam)Q  in  lim,  ^Uips^,^  SP:;:i4C;> 
hence,  r=  t;  at  that  point.  ^'  ^^^-  '^ 

818.  Let  ifeTzsthe  major  axis  of  aii  ellt jp^e, 'iV = the  nlinbr,  'P  i=^e  periodic 
time  about  the  focus,  mb  the  whole  area,'V2^=:  the  area  SPQ  de^driW^d  to'ft^gi^en 
time  'j  then  mzzn  x  the  number  df  these  areias  5  but  /Ae  7M/*ifer*  of  ifhte^'  ak'eas: 
must  vary  as  P,  because  equal  areas  are  described  in  equal  tinWs,  and  there- 
fore the  greater.  P  is,  the  greater  will  be  the  number  of  ai*eas'  M  proportion  j 


m 


hence,  m  varies  as  n  x  P,  therefore  P  varies  as  -  •    Now  by,  ^he  property  of 

n    '      '       '     ' 

the  ellipse,  itt.vaxies  as  Mx  N^  and  L  =  — ;  th^r?f9^e^(8^^  n  varies  as  .   .^   >  > 

consequently  P  varies  as   — tt.     Hence,  in  diffei:ei)t;  ellipses  about  the  sahie 

A%  \  ^  •  .  -    ..        *■     ..    . 

common  focus,  P  varies  as  M  .     This  law  was  dkctovered  by  Kepler  (218). 
If  the  ellipse  become  a  circle,  il/'becomes  the  dfttmfeler^  which  varies  as  the- 

tadius  JB;  therefore  ip  <^s^^  circle^, pfcoul;  «iSe/^f «A$;eft^^i;s, .  P  varies  as  _. 

■     '.  , .  i    ...  ^j, 

and  about  the  .9«me  center,  jP  varies  as  JR*.   ''••«''-       ,     ,     , 

819.  If,  by  the  satWe'ldw'of  fofcej^bodris  ife^ 

different  centers^  an^l  yi  =  the  al)soliit6Tortfe,''Ki*thiiVAditi^,  then  thfe'  forte  va- 

ries  as  ^j?  therefore<812)  rvwriesa^  v^l^xSjR,  oras^.,  Hence,  .abput 
the  «rwe  common  center,  rvafriesas — r-  \^ 

820.  The  angle  Q5P  varies  as  ?I;  but  Qr.  varies  as  ^^^^  ^J^x    ;  therefore 
the  angle  Q5^P  varies  as  — ^0  ^^  ♦    Hencei  in  the  ^OTwe  orbit,  the  angular  ve-^ 


;   ' 


I 


I 


lodty  varies  inversely  as  the  a<][uare  06  the  distance,  the.  area  SPQ  being  oon- 
atant  ( 805)  when  the  time  is  given,  let  the  oi^lt  be  what  it  w^l. 


821.  By  Art.  817.  we  have,  in  the  ellipse,  V :  v::^HP  :  \/AC;  hence. 


V^v  X  ^ss-^^-;  now  this  is  true  whatever  be  the^  minor  axis  of  the  elUpae ;.  i^ 

therefore  we  diminish  the  minor  axis:  and  make  it  vanish^  the  body  will  move 
in  a  right  line,  and  ^  all  the  reasoning  bolds^  true  up  to  that  limit,  it  musit  be 

tnie  in.  the  limit* 

* 
822.  H^^nce,.  dfaw  Pp  perpendicular  to  AM^  and  make  the  minor  axi3  of 
the  ellipse  vanish,  then  S  coinci.d^s  with  A^  jBT  with  AI^  Pwith  jp,  HP  be- 
comes 3^,  and'  the  body  descends  in  a  right  line  to  p  it^vci  rest  at  M;  hence, 

<.821)  ^(the.velocify  acquired  from  M  \xip)  =t?  x    //^^i  bnt  (819);  t;  varies 

as  ^      ;  let  »=  -7«a.;  and  V^  ~7~^      .a;  that  is,  the  velocity  acquired  in 

fidljing  from  a^jte  of  rest,  is.eqpal  to  a  cei:taiA  constant  qiisvotity  <z  multiplied 
into  the  square  root  of  the  space  described  divided  by  the  square  root  of  the 
lapace  to  be  described  multipUed  into  half  the  whole  space. 

82».  Pt^uceiSPtoI/,  andtakePIr  =  2^ff;  Ifeen  (822>  1*e  velocity  (m) 

<if  a  body  felling  fiftmL  AtaPas  y^^  Tsl^VKp~Tc'    ^^  ^*^  ^"^ 

-    --J  the  velocity  in  the  circle  at  P,.  and  ^ = the  velocity  in  the  ellipse  j.  then 


m  :  n:: ^ :  1 :: ^pB  ;  \/A^i  afco    . 


.%  m  :  jP  ;;  \/AC  x  y/PHy.  f/PMx  y/AC  /  hence,  m  =jp. 


That  is,  a  bo^y  revolving  in  an  ellipse,  rmust  fall  externallysthrongh  a  space 
equal  1:0  the  distance  of  th^,  body  froai.thji^«(^f)f  fo^yi^  Xffi9Jf^§^p  th^iv^ilaicity 
in  the  corpse. .   , 


FIG.         824^  1-et  Pi=:j:PF,  then  a  body,  with  die  fcrce  at  P  <K>ntinued  constant^ 

1 89.     mu^t.  i^  dpwff  Pii^  to  9^?5i^ire  tb^  ¥^|pc%^  ii)Lths.  cufve.    Forr  Itet  >m :?  the  velo^ 

city  down  RQ  with  the  forc§,at  P^j  ji=:the  v^lqoitj^^dpwn  PLhy  4J>e /same force, 

^=:  the  velocity  in  the  curve  PQ  ;  then  in  the  time  RQ  is  described  by  a  falling 
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body;  PQ  is  described  in  the  curve^  and  tie  velocity  through  RQ  is  (by  -'Me- 
chanics) represented  by  2RQ ;  hence,  m  :p::  2JBQ  :  TQ^  therefbre    ^ '  "    ^ ^    * 

w*  :|>*::4i2Q*  :  PQ%  '     - 

Also,  wi*  :  »* : :  J2Q  :  PX,  by  Mechanics  j     '        • 

but  w=jP,  therefore  PX=^  =  (8ll)  i  Pr. 

Cor.  1.  Hence,  by  Mechanics,  if  t;=:  velocity  in  the  carve  at  P,P=:  force  at 

that  point,  v = ^WViPF- s/^Fx  FV ;  therefore,  v Oi  ^/Fx  FV. 

Cor.  2.  If  a  body  revolve  in  a  circle  about  the  Wnterj  ^P^=:^r  (r=:  radius) ; 

hence,  t;= v^P.     Further,  let  F  CX  r'».     Put  tne  radius  of  the  earth  z=  l^  gravity 
at  the  earth's  surface  ==  1 ,  and  the  velocity  of  a  body  revolving  about  the  fearth 

at  its  surface  =  1 ;  then,  as  the  velocity  varies  as  the  square  r^ot  of  the  force 

114.X 


and  space,  we  have  1  :  v ::  ^l  x^  :  ^r"  x  ^r;  hence,  r =r  ^r 

Cor.  3.  As  the  periodic  time  (j))  in  a  circle  varies  asr  directly  and  t>  (ve- 
locity)  inversely,  p  O^r      »" .    If  n  =  —  2,   p  OCrh  which  is  the  case  iix  the 

planetaiy  system. 

825.  If  the  curve  be  a  circle^  and  the  force  be  in  the  center,  then  PL  = 
half  the  radius.  Hence,  as  (817)  the  velocity  in  an  ellipse  at  the  mean  dis* 
tance  =  the  velocity  in  a  circle,  a  body  at  that  point  of  an  ellipse  must  fall  down 
half  the  distance  to  acquire  the  velocity  in  the  ellipse,  the  force  remaining 
constant. 

826.  When  a  body  revolves  about  a  center  of  force,  that  part  of  its  motion 
which  is  perpendicular  to  the  radius  vector  gives  tl>a  bo^  a  tendency  to  re- 
cede from  the  center ;  and  the  force  with  which  the  body  thus  recedes  is  called 

a  centrifugal  force.  Let  S  be  the  center. of  for({e,  PK  the  curve  described,  PT  fig. 
a  tangent  to  it,  SY  perpendicular  to  PT,  and  PQ  an  indefinitely  small  arc;  191. 
draw  Qw  perpendicular  to  5P,- and  wtth^  tte  c^*lter  iS  dfesbfibe' the  cilrcular  arc 
Qxy  and  let  PQ  be  parallel  to  5P,  and  PTbe  the  chord  of  the  circle  of  cur- 
vature^  i  Iiet  PQ*  represent  the^-ttlotiOttMif  the  body  in  the  curve,  it  a  gi^ven 
time,  tilien "jPw  teprcsscnts  »tiiat  p(tttt  of  'the  inbttbtf  SvMih  fe  towards  the  center, 
and  by  which  alone  the  body  would  be  found,  at  the  end  of  the  ^iVen  time, 
at  the  distance  S'w ;  but  6n  account  of  the  motion  tt;Q,  it  is  found  at  the  end 
of  the  ^me  time  M  fhe  ^istade^  8Q,  or  Sjp  )  'the  )><^^6hdicQlar  ihotidn  vpQ  has 
therefore  taade  the>  bod^  recede  from  ^S  through  a  space  e^ual  to  %r^,  which 
therefore  represeats  Ihfe  centnfij^id  forceV    Akd,  the  '(i'ehtftpetal  force  is  repre- 


'  I 


I'. 
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aented  (808)  by  QR.    Now  wx = f^  ultimately ;  but  jQ»  varies  as  ^'^^  '"^f^*  ; 
therefore  w.r  varies  as  ^^^^  *^  ^Q     which  varies    as  ^^^Jv^         ultimately. 

Hence,  in  the  5«/we  curve,  the  centrifugal  force  varies  as  -r-rjr,  the  area  SPQ 

described  in  a  given  time  being  given  (805).  And  in  different  curves,  if  the 
distance  be  the  same,  tlie  centrifugal  forces  are  as  the  squares  of  the  areas  de- 
scribed in  a  given  time. 

Cor.  1.  Hence,  the  centripetal  force  in  the  curve  :  the  centrifugal  force : :  QR 

:  ^::  [because  (811)  QB=.%.  and  ^  =  |^>^J  %  :  ^^  ::  (as 

by  sim.  tiTa..QP*  :  Or*::  SP*:  SY')  '~  :  ^::  2SP^  :  51^  x  PV. 

'Cor.  2.  Let  the  curve  be  an  ellipse  whose  major  axis  is  2^,  and  the  excentricity 
r=tt',  and  the  body  beat  the  greatest  distance  from  the  center  of  force,  which 
is  supposed  to  be  in  the  focus  j  then  the  centripetal  force  :  centrifugal ::  /SP  :  ^ 

PV  ::  a  +  w  :  ::a  :  a  — tc^ 

,a 

827.  If  the  ratio  of  fl+>w^  :  ft  +  woi'be  constant,  ^  only  being  variable,  tlien 
a  :  b::m  :  n.     For  if  xizOj  the  ratio  becomes  a  :  b ;  hence,  a  +  mr  :  b  +  nr:: 
a  :  6,  therefore  (altemando  and  dividendo)  mjc  :  aiins  :  bj  consequently  a  :  b 
::m  :  n. 
FiG#         828.  Let  VPA  he  an  ellipse  whose  focus  is  S',  and  center  C,  FfTa  curve  so 
2l92»    eonstructed,  that  Sp  may  be  always  equal  to  SP,  and  the  angle  VSp  to  VSP  in 
a  given  ratio  G  :  F,  then  the  areas  VSpj  VSP  will  he  in  the  same  given  ratio. 
Now  let  a  body  revolve  from  Vto  P  about  the  center  offeree  *S',  in  the  same 
time  in  which  another  body  revolves  from  Vto  p.    TTien  as  the  area  VSP  va- 
ries as  VSpj  and  (805)  the  area  VSP  varies  as  the  time,  the  area  VSp  varies  as 
the  time,  consequently  the  body  describing  Vp  is  (^07)  urged  by  a  force  tend- 
ing to  S.    Let  Pv  he  the  chord  of  curvature.    .Now  (827)  tihe  centrifugal 

forces  of  the  two  bodies  are  as  G* .:  i^,  ox  as  ._-.  :  -— ^  let  them  therefore  be 

Ax 


represented  by  these  quantities;  hence,  the  difference  of  the  centrifugal  forces 
is  Now  if  p  recede  from  tl^  center  by  e  centrifugal  force  which  is 

AP 

greater  by  than  that  by  which  P  recedes,  it  is  manifest  that  p  must  be 

ncted  upon  by  a  centripetal  force  which  is  greater  by  the  same  quantity,  in  order' 
.to  destroy  it,  so  that  the  bodies  may  continue  at  the  same  distance.  Now  (828) 
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> 

SY^x  Fv':2SPh:  ^,  (the  ceiitHfiigal  force  in  thfe  ellipsfe  at  P)1'L_|^!f^ 
the  centripetal  fotce  in  the  ellipse  at  P;  hence,'  the  force  in  the  orb^t  Jf^^^jp 

half  the  latus  rectum,  and  CD  the  semi-conjugate  diameter  to  PC;  hence,  the 
force  at  P  =  ^ — — - ,  and  at  «  =  ^ — ---  +    ''Z^  -  j  therefore  the  ratio  of  these 

forces  is  ^—  :  ^7;^  +  — -opj — »  agrecabj^e  to  what  Sir  I.  N^ 

in  his  Principiaj  lib.  ii  sect.  9.  If  ,wp^,9|)ply' tfiis  ^p  the  pjpon,  the  forces  will 
be  nearly  as  F*  v  G^  or^O  :  61  i  Hence,  the  |)eriodic  time  which  is  diminished 
in  the  ratio  of  G  r  F,  wilj.  be  le^in  thfe^ratiq  of  121  :  120  nearly;., 


■J  ; 


.»  »  i'\ 


829.  If  the  orbit  VPA  be  very  near  to  a  circle,  the  force  -^  +  ^9*"^^^' 

•  Ai^*  "     *  'flip  ^ 

•  ••  ••  '  "^i,-  ■•-'■•?.  2^* 

may  be  made  to  vary  very  nearly  as  any  power  of  SP,^  or  as  SP'    ^     For  -77 


+  T^p/^  :  '^^'~'  :•  ^  xSP  +  RG'^RF'  :  SP-  ::  (putting  ^/C^x^SP, 

where  7^  is  the  greatest  distance,  and  neglecting  all  the  terms  where  the  powers 
of  X  ent6r  above  the  first,  as  being  very  small  when  compared  with  the  rest) 
F'T^F'x^RG'-RF^  :  T-nT'—'x;  now  (827)  this  ratio  will  be  constant, 
if  we  assumdthe  Constant  terms  on  each  side  in  the  same  ratio  to  each  other  as 
the  coefficients  of  the  variable  terms ;  but  if  tlie  ratio  of  /the  >two  last  quantities 
be  constant,  the  ratio  of  the  <two  £fst  must  be  very  nearly  so,  as  we  have  only 
neglected  terms  which  ace  vwy  small  in  respect  to  those  which  are  retained^ 
assume  therefore: F^/'^jRG^-^^F*  <  T"  as-2<'*a:  :  -^nT^'x^ot  as  J'*  :  nT—\ 
and  the  rattd  of  die  two  iisst  tcnns  above  becomes  very  neariy  Constat ;  but  as 
R  9XiA\Tmt  vcry-naarly^equal^  the  proportion  becomes. Gf*  c  F\v.l  :  «,  veiy 

nearly ;  lience,  G  =:  — =• .  Now  the  two  bodies  at  P,  jp,  being  always  at  the 

same  distance  from  S^  must  cotofe  to  an  apside  at  the  same  time ;  but  the  body 

in  the  ellipse  comes  to  an  apside  when  2^=180  ;  hence,  G=— ^  the  angle 

described  between  the  apsides  by  the  body  in  the  curve  Vn\  when  tlie  force 
varies  as  the  .ti  •*«  ftipowei^  of  the  distance.  If  n— 3:^.^2^  the  dist&ncei  of  the 
apsides  is  180°;  if  n— 3  be  a  negative  number  creator  than  2,  the  distance  of 
the  apsides  is  ^eater  than  1 80**,  but  if  it  be  less  than  2,  the  distance  is  less  thari 
180^.  That  is,  if  IJie  force  vary  inversely  as  the  square  of  the  distaince,  the 
apsides  of  the  orbit  described  are  at  rest  j  if  the  force  vary  in  a  greater  or  less 
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ratio  than  the  inverse  square  of  the  distance,  the  apsides  are  progressive  or  re^ 
gressive. 

830.  Let  the  force  vary  as  -ii^ ->  ^  ^  ' ^  and  the  greatest  distance  be 

ox 

assumed  unity;    then   by   exactly   the   same  process,    we  find   G  =  180®x 

s/  "i the  angle  between  the  apsides.     In  the  former  case,  if  the  distance 

^    lm±cn  ^  ^  •/  J 

180^ 


(flT)  of  the  apsides  be  given,  we  can  find  the  law  of  force  ;  for  if  d'^zz 


y/n  ' 


then  w  =  -3i-;  consequently  the  law  of  force  is  SP  ''-      -^^ 
a 

The  conclusions  hitherto  deduced  when  the  force  varies  in  the  inverse  square 
of  the  distance,  have  been  upon  supposition  that  the  bodies  were  of  indefinitely 
small  magnitudes  ;  we  shall  afterwards  consider  what  will  be  the  consequence  if 
the  bodies  be  spherical,  and  of  finite  magnitudes. 

831,  Suppose  the  law  of  force  to  vary  as  any  power  of  the  distance,  to  find 
the  curve  which  the  body  describes.     Let  *S'  be  the  center  of  force,  and  the 


body  be  projecteil  at  A  in  the  direction  AB^  and  let  APTF  be  the  curve  de^ 
scribed.  With  the  center  S  describe  the  circular  arc  AZ;  let  P  be  any  place 
of  the  body ;  draw  the  tangent  PE,  on  which  let  fall  the  perpendicular  aSJ^, 
and  SH  on  AD;  also,  draw  Sfi  indefinitely  near  SP^  and  nm  perpendicular  to 
SPy  and  produce  «SP,  *S>?,  to  r,  s.  Put*S'J  =  a,  SH=pj  Arzzz,  SP  —  x^  b=z 
velocity  at  Ay  t;=: velocity  at  P,  Pm=:.Vj  rs—'z.     Now  the  velocity  being  iir- 

versely  as  the  perpendicular  on  the  tangent,  v  :  bwp  :  SYzrZl ;  therefore  PV 


=  ^V_^:=vAV-£6: .   ^.„d  by  Sim.  tri.  v^W-/6^  ,  ph  ...  .  ^^  ^ 

pbi  ,  phi  .  pabv  •       .i     /i 

;,  hence,^  ;  a : :  -==^=-—  :  z  =  — /^  ^  ,  expressing  the  flux- 


^4'V-/r  '  v^^V-/6*'     '^jc^jc'v^^p'b' 
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lonal  equation  of  the  cun^e  in  terms  of  the  angle  described  and  distance.  But 

2 


(see  my  Fluxions,  Art.  82.)  v^zzV'-\- :  x  ^'+'  — ^z'^'^' ;  or  if  ft  (vel.  of  proj.) 

:    vel.  a    «    in  Clr.  (Art.  824.  Cor.  3.)::  w  :  1,  then  b^=m'^  a^-^'i  hence,  i;*=: 


2  2 

«»*  + X  «''+*  — X  .r''+' ;    therefore   by   substitution,    z  = 

71  4-  1  714-1 

pahx 
—   " —  -  -     -:  . ,       ^  ~z         X ,  the  fluent  of  which  can  only 

be  found  in  particular  cases. 

Cor.  At  the  apsides,  SP  =  SY,  or  ^  =£*  =     ^__^_^,_^^-l^^ ^ 


^^         2 


and  X  ^7w*  H- X  «"+' —  xa7"»+'  -^3z=0,  the  equation  to  the  apsides. 

Now  to  find  the  miviber  of  apsides,  by  squaring  the  first  equation,  we  get 

2    '  2 

m^  + X  «''+'  xa?* X  ^''+^— p*i*  =  0,  which  equation  may  have  4  pos- 

w-f  1  n+ 1  ^  ^ 

sible  roots  when  n  is  an  even  number,  and  3  when  n  is  an  odd  number ;  but 

this  being  the  square  of  the  original  equation,  some  of  the  roots  are  introduced 

by  that  operation,  and  the  equation  to  the  apsides  can  never  have  more  than  2 

possible  roots,  so  that  no  orbit  of  this  kind  can  have  more  than  2  apsides,  that 

is,  there  are  only  two  different  distances  of  the  apsides ;  but  there  is  no  limit  to 

the  number  of  repetitions  of  those,  w^ithout  their  falling  upon  the  same  points. 

If  71  —  —  3  or  a  greater  negative  number,  the  equation  can  have  only  1  possible 

root,  and  therefore  the  orbit  but  one  apside. 

832.  Given  as  in  the  last  Article,  to  find  at  what  point  of  the  curve,  the 

motion  of  the  body  tow^ards  the  center  is  the  greatest.     We  have  found  inn  — 

— =£JL—---i ;  now  dato  tempore  J  the  area  SPn  (.4)  is  given,  and  m7i= —- 
y/a^v^'—p  b  ^ ^^      a;  ' 

oA 2  4         ^  2  2  ~^ 

hence,  ,f =^  x  v/t^*-/6V*=^  x  ^m^  -r  :;^^  x  a'^+^-^^  x  ^^+'  -/i^^^ 

=  a  maximum :  or  —-   x  x""^'  +  f/6V*  =  a  minimum  ;  put  therefore  the  fluxion 

n-f  1 

=  0,  and  we  get  .r  =^6*'' +3  the  distance  required.     From  this  we  shall  get  a 

very  remarkable  coincidence.     We  have  v  -  b  ::---  :  -;    hence,  ph  —  SY  xv;- 
•^  or    p 

also,  xizSP ;  therefore  SP  *'  z=:SVx  v;  let  C=  chord  of  curvature  at  P.  NoW: 
(Art.  824.  Cor.  1.)  as  the  force  in  the  curve  and  in  the  circle  of  curvature  at 
P  is  the  same,  the  velocities  will  be  as  the  square  roots  x)f  the  chord  of  curvai* 
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ture,  and  the  velocity  in  the  circle  (Art.  824.  Cor.  2.)  =  iSP*""!" ;  hence,  v  : 
5PV::  ^TT:  y/2SF,   and  v-SP'*'  x  s/g^P'    *^^®'^^^<*'^®  SP-r^SYx 

SP"-^  X  s/,—j^  a"^  2.S'P'  =  .S'r*  X  C.    But  (Art.  826.  Cor.  l.)  the  former  re- 

presents  the  centripetal  force,  and  the  latter  the  centrifugal  force ;  hence,  in 
general,  at  the  point  of  the  orbit  when  the  centripetal  and  centrifugal  forces  are 
equaly  the  velocity  towards  the  center  is  a  niaximtim.  If  the  curve  be  an  ellipse 
with  the  force  tending  to  the  focus,  this  point  is  at  the  extremity  of  the  ordi- 
nate to  the  major  axis  passing  through  the  focus.  If  the  force  tend  to  tlie  cen- 
ter, it  is  where  the  distance  is  a  mean  proportional  between  the  semi-axes  ma- 
jor and  minor. 
FIG.  833.  Let  O  be  the  center  of  the  circle  ABCD,  draw  OP  perpendicular  to 

193.     the  plane,  and  let  P  be  a  corpuscle  attracted  to  the  circle  j  describe  about  O 

the  circle  vw,  and  let  the  attraction  of  P  to  any  particle  t;= — ^.     Put  PO-a^ 

Pr;  =  ^,  ^  =  3,14159  ;  then  Ov^zz.x'^a^,  and/?xV  — a  =  the  area  of  the  circle 
vm  ;  hence,  the  fluxion  of  that  area  is  ^pxx  ;  and  by  the  resolution  of  forces, 

:r :«::  J-j^iijr"^  the  attraction  of  P  to  v  in  the  direction  PO  ;  hence,  the 

fluxion  of  the  attraction  of  the  corpuscle  P  to  the  circle  wo  will  be  2jpxar'~'*»r, 
whose  fluent  is  2px  —  ;  but  when  a:  =  a,  rO=o,  and  the  attraction  vanishes  j 
hence,  the  fluent  corrected,  or  the  attraction  of  P  to  the  circle  ttu  is  2px 
1—-;  and  when  0?  =  P-^,  the  attraction  to   the  whole  circle  becomes  2/?  x 


1-    ^ 
^     PT 


tio.  834.  Let  ABCD  be  a  sphere,   P  a  corpuscle  xcithout  the  sphere ;    draw 

194.     P^OC  through  the  center  O,  and  let  BvDw  be  a  section  perpendicular  to  it. 

Put  AO  =  a,  0P^=  byAP  =  b^a  =  c,  PK=y,  and  let  PB=:^c-^x,  then 

AK  =^  — c,  and  CK z=:z2a-'y  +  c,  therefore y-c x 2a-3^  +  c  =  BK^  =  JBP*  — 

PX'=:c  +  /-/;  hence, (as  J=a  +  0)3/  = ^/    ^    ;therefore(833;the attract 

«     nr.  1  •      1       T>     T^^     •      ^      /  2te  +  2C07  +  J7*\  2^07  —  07* 

tion  of  P  to  the  circle  BvDw  is  2p  (  i ; rrr—  )  or  o  x  - — =^=^;  also,. 

V  26xC  +  J7/  6xc4-07 

^^C£+£r  .  ijgnce,  the  fluxion  of  the  attraction  of  P, to  the  sphere  is  ^x 
aoji'-J-'-f   ^j^Qgg  £yg^t  jj  ^  j^  ^"^  M^*^',  the  attraction  to  ABD ;  and  when 
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x  =  2tf,  the  attraction  to  the  whole  sphei-e  becomes  ^^  >  which  varies  as  ~. 
Now  if  the  density  d  of  the  sphere  should  vary,  the  attraction  must,  ceteris 
paribus,  vary  as  d;  hence,  for  all  spheres,  the  attraction  varies  as  -ti-'    ^^t  the 

quantity  of  matter  m  varies  as  da}  ;  therefore  the  attraction  varies  as  j-..    Hence, 

if  the  spheres  were  evanescent  in  magnitude,  with  the  same  quantity  of  matter^ 
the  attraction  would  be  the  same;  consequently  the  attraction  of  a  corpuscle 
to  a  sphere  is  just  the  same  as  if  all  the  matter  of  the  sphere  were  collected 
into  its  center.  If  the  corpuscle  be  at  the  surface  of  the  sphere,  then' a  =  3,  and 
the  attraction  varies  as  ad.  If  P  be  tci/Am  the  sphere,  in  like  manner  find  the 
attraction  of  P  to  the  parts  lying  between  P  and  A^  P  and  C,  and  the  differ- 
ence of  their  attractions  will  be  the  whole  attraction  of  P  to  O  ;  and  this  comes 
out  to  vary  as  PO. 

835.  Hence,  if  the  particles  of  two  spheres  Ay  J3,  attract  each  other  by  a 
force  varying  in  the  inverse  square  of  the  distance,  the  attraction  is  the  same 
as  if  the  whole  quantity  of  matter  in  each  sphere  were  collected  into  its  respec- 
tive center  ;  because  the  attraction  of  each  corpuscle  of  one  sphere  A  te  the 
other  sphere  B  is  the  same  as  if  the  whole  quantity  of  matter  in  B  were  con- 
centrated into  its  center,  and  therefore  the  attraction  of  the  whole  sphere  A  to 
B  must  also  be  the  same  as  if  the  whole  quantity  of  matter  in  B  were  collected 
into  its  center.  Hence,  what  has  been  proved  for  two  coi'puscles  attracting . 
each  other  when  the  force  varies  inversely  as  the  square  of  the  distance,  holds 
true  for  two  spheres,  the  particles  of  which  attract  each  other  according  to  the 
same  law.  If  therefore  (815)  the  particles  of  two  spheres  attract  each 
other  with  a  force  varying  in  the  inverse  square  of  the  distance,  one  sphere 
will  describe  a  conic  section  about  the  other  in  its  focus.  Now  all  the  planets 
are  spherical,  and  (217)  they  revolve  about  the  sun  in  ellipses  having  tlie  sua 
in  the  focus  of  each.  Hence,  we  conclude,  that  each  planet  is  attracted  to 
the  sun  by  a  force  which  varies  inversely  as  the  square  of  the  distance  of  their 
centers,  and  that  the  constituent  particles  also  attract  each  other  by  a  force 
varying  according  to  the  same  law. 

836.  To  find  the  attraction  of  an  oblate  spheroid,  which  is  very  nearly  a» 
sphere  to  a  point  situated  in  the  minor  axis  produced.     Let  MN  be  the  minor 
axis  of  the  oblate  spheroid  MQqN^  MCTN  the  inscribed  sphere,  O  the  center; 
draw  ACT^  Act  indefinitely  near  each  other,  jBCQ,  bc^  ft,  FTq^  perpendicular 

*  r  should  have  been  drawn  from  the  intersection  of  //r,  Mu 
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to  AMX,  OP  perpendicular  to  AT,  Oltp,  CII,  to  Jl,  and  join  OC.     Put  JO 

=:a,  jl/0=c,c  +  i=semiaxis  major,  then  Q.C= — x  £C,  and  i£  CP=2;  OP=z 

c 

*/c*— x*;  andlet  »=6,  283,  &c.    Then  ^' x  BC  =  the  annulus  generated  by 

c 
QC  about  B,  and  as  the  force  is  supposed  to  vary  inversely  as  the  square  of  the 

distance  from  each  particle,  ^  X — -^-^^ —  =  attraction  to  the  annulus  whose 

riiickness  is  Bb  in  the  direction  C.i,  and  CA  :  AB::  ^  x  ^£ljt^  :  P*  x  EC* 

c  /iC  c 

X -i—^j?^  the  attraction  {A)  in  the   direction  .fO.     But  by  sim.  tri.  :^  = 

^' ;  also,  Bb:  Cc::BC:CO,  and  (sim.  tri.)  Cc  :  Ilcr.CO  :  PO  ::  CO  : 
JO* 

d£^^^::COxAC:  AOxBC,ahoirc  :  IICv.PO  :  PC\9x\AHC  :  Rp::AC 

;  AR  or  AP,  and  by  composition  of  these  ratios  Bb  :  Rp::  BC xCO  x  AO  x 

PO-.COxAOxBCxPCx  APi  hence,  Bb  =  "^^l  ^  f}J--^^  ;  and  the  above 
.  .  ..       AO  X  PCx  AP 

attraction  (,/)  =  £_  x  — »/.  -  jj^t-^-     ^°  ^^^  manner  the  attraction  (a)  to 
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the  annulus  Tq^P-  ^  PQ^x^r'x^    ^^^  ^  ^^,  +  AT  =  2AP*  +  2PC\ 

c  PCX  JO*  * 

A^a=£!L.m 
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4  ^  -pc  ^  2^i"*  +  2FO  X  RpMtRp -OP^    ,  ,  _  ^i'  hence,  A  + 

azziJ^  xc*  — ^*  x^*  —  c*  +  2j7*  X  i,  whose  fluent,  when  aT  =  c,  is  ^   x  ^a^c^--^  c^ 

the  whole  attraction  of  the  matter  in  the  spheroid  above  the   sphere ;    to 
this  add  (Art.  834.)  -^  the  attraction  to  the  sphere,  and  we  get  the  attraction 


to 


the  spheroid  = -^  +  ^  x  ""    ,.  i^ 

3a*        3a*        5a^ 


837.  Let  ABHD  be  a  spheroid  generated    about  the  minor  axis  DB^ 


0  tlie  center,  QOq  any  diameter,  COE  its  conjugate,  to  which  draw  QRP  per- 


pendicular,  and  QFto  AH.    By  Conies  VO^zz—-^  x  DO'  —  QV\  and  RV=i 

P^l  x  rO  (see  my  Conic  Sections);  hence,  RV'  =  ^^^ --^^^I^  4-  QV\ 

Let  the  ellipse  be  nearly  a  circle,  and  czzDO,  iizthe  difference  of  the  semi- 
axes,   QF=:^,  then  QiJ^  =^li:^'--cr*  very  nearly,  ==c*--2c6  + ?^:  and  if 

c  +  2co  c' 

/=sin.  r  =  cos.  ARQ,  ;r*  =  QiJ*  x  t\  and  Qi2*-ir  x  QiJ*  x  /*  =  c*-2c6;  there. 

c 

foreQi2*=^-32^.=c'-2ci^  +  2ci'r,  and  Qi?  =  c-i  +  i/*  nearly..     But  QF* 


=  QJ?*  X  <*  =  c— ^y+6r'x  /*/  hence, QO*(  =  QK*  +  FO*)  =  JO*-26cr 
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and  QO  =  AO-bt*-c  +  b^br=:c  +  h\     And  as  QO  xCO:^AO  xDO,  CO- 
AOxDO    c*  +  cd     ^^.     ,» 

QO  c  +  br* 

838.  Produce  OQ  to  a,  to  find  the  attraction  of  the  spheroid  to  a.  If  about 
the  same  center,  and  in  the  same  plane,  be  described  a  circle  and  an  ellipse 
equal  in  area  to  it  and  very  nearly  a  circle,  a  point  in  a  perpendicular  to  that 
plane  from  the  center  of  the  circle,  will  be  attracted  to  each  equally  very 
nearly,  the  peripheries  differing  very  little  firom  each  other.  And  if  the  ellip- 
sis be  a  very  little  inclined  from  that  plane  about  its  minor  axis,  neglecting  the 
difference  of  the  increments  and  decrements  of  the  forces,  the  forces  will  re- 
main nearly  the  same.  Let  therefore  any  number  of  planes  be  drawn  perpendi- 
cular to  ADHBy  and  these  ellipses  will  be  similar,  and  the  attraction  of  each 
to  a  will  be  equal  to  the  attraction  of  its  respective  circle  as  above  described. 
Now  of  the  ellipse  passing  through  EOC^  the  semi-axes  are  OC,  OA^  and  to 
this  the  other  ellipses  are  similar;  therefore  the  whole  attraction  to  the  given  sphe- 
roid in  the  direction  Oa  to  a  will  be  equal  to  the  attraction  to  another  spheroid 
revolving  about  its  axis  Qq  and  whose  equatorial  radius  is  a  mean  between  6C, 
OA^  or  (last  Art.)  between  c-\-b  and  c-\-b  —  br^^  or  c  +  i  — ^  ^*,  with  the  minor 
axis  c  +  6r* ;  and  the  difference  of  these  two  axes  =  6  — J  br^.     Substitute  these 

for  the  axes  in  Art.  836.  and  by  reduction  the  attraction  =  ^  +  ^;^**  +  ^pc^ 

Hence,  the  attraction  of  a  spheroid  to  a  point  without,  varies  partly  as  _.  and 

partly  as  —  j  these,  therefore,  conjointly  constituting  a  force  not  varying  as 

J-,  will  affect  the  motion  of  the  moon's  apogee,  and  introduce  an  equation  of 
a* 

the  moon's  motion,  as  determined  by  de  la  Place. 

FIG.  ®^^^  ^  ^^^y  ^  attracting  another  body  Q,  exerts  its  influence  equally  upon 
195.  every  particle  of  Q,  and  therefore  the  acceleration  of  Q  to  P  is  the  same  what- 
ever be  the  quantity  of  matter  in  Q,  and  will  be  in  proportion  to  the  quantity 
of  matter  in  P,  the  magnitudes  of  the  bodies^  being  supposed  to  be  indefinitely 
small,  so  that  every  particle  of  matter  in  one  body  may  be  supposed  to  be  equi- 
distant  from  every  particle  in  the  other.  In  like  manner  it  appears,  that  the 
acceleration  of  P  towards  Q,  from  the  attraction  of  Q,  is  in  proportion  to  the 
quantity  of  matter  in  Q.  Let  therefore  P  and  Q  attract  each  other,  and  G  be 
their  center  of  gravity  ;  then  the  acceleration  of  Q  towards  P  from  the  action 
ofP  :  the  acceleration  of  P  towards  Qfrom  the  action  of  Q::  P  :  Q::  GQ  :  GP; 
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hence,  the  spaces  Qa,  P&,  moved  over  by  Q  and  P  from  their  mutual  attrac- 
tions in  an  indefinitely  small  time,  will  be  as  GQ  :  GP ;  consequently  Ga 
must  be  to  Gb  in  the  same  ratio,  therefore  G  continues  to  be  their  center  of 
gravity.  Hence,  the  center  of  gravity  is  not  aflfected  by  the  mutual  attractions 
of  the  bodies. 

840.  Now  let  Q  and  P  be  projected  in  the  directions  Qr>  P^>  opposite  and 
parallel  to  each  other,  with  velocities  as  GQ  :  GP^  or  as  Ga  :  Gb^  and  let  QTf 
Ps  be  the  spaces  that  would  have  been  described  in  the  time  in  which  the 
bodies  would  have  moved  over  Qti^  Pb  by  their  mutual  attractions,  and  com* 
plete  the  parallelograms  Qrqa^  Pspb  ;  then  the  bodies  at  die  end  of  that  time 
will  be  found  at  q  and  p.     Now  die  spaces  described  in  the  same  time  being  as 
the  velocities,  Qr^  or  aq^  :  Ps^  or  Ap, : :  Ga  :  Gb  ;  also,  the  angle  qaG  zzpbG  ; 
hence,  the  triangles  Gaq^  Gbp  are  similar,  consequently  the  angle  aGq  =  bGp^ 
and  therefore  pGq  is  a  straight  line ;  also,  Gq  :  Gp::  Ga  :  Gb::  GQ  :  GP::  P 
:  Q;  hence,  G  is  the  center  of  gravity  of  P  and  Q  when  they  come  to  p  and 
q  ;  consequendy  the  center  of  gravity  will  still  be  at  rest,  and  the  bodies  will 
describe  similar  figures  about  G.     Now  let  us  conceive  each  body  to  be  acted 
upon,  at  the  same  time,  by  equal  accelerative  forces  in  the  same  direction, 
then  the  relative  motions  of  the  two  bodies  will  not  be  altered,  and  they  will 
still  continue  to  describe  similar  figures  about  G  which  is  now  in  motion.     And 
by  varying  the  motion  of  the  system,  we  may  vary  die  absolute  initial  velocities 
of  P  and  Q  as  we  please.     Hence,  if  P  and  Q  be  projected  with  ant/  velocities, 
they  will  continue  to  revolve  about  their  center  of  gravity,  and  describe  similar 
figures  about  it.     And  the  center  of  gravity  not  being  disturbed  by  their  mutual 
jri;tractions  (839),  wiU  continue  to  move  on  uniformly  in  a  straight  line.    Hence, 
the  center  of  gravity  of  the  solar  system  remains  at  rest,  or  moves  uniforiply  in 
a  stnfcight  line,  the  latter  of  which  is  probably  the  case  (729).     Sir  I.  Newton 
has  therefore  concluded,  that  the  earth  and  moon  revolve  about  their  center  of 
gravity  ;  but  Frisi  has  maintained,  that  this  will  not  be  the  case,  unless  the 
earth  and  moon  had  been  at  first  projected  in  opposite  directions,  with  velocities 
inversely  as  their  quantities  of  mtitter ;  it  aj^ars  however,  from  what  is  proved 
above,  that  this  is  by  no  means  .necessary. 

B41.  Let  the  bodies  be  ^herical,  and  the  particles  attract  each  other  by  a 
force  varying  in  the  inverse  square  of  the  ^stanoe.,  th^en  (^34)  the  whole  atr 
traction  will  vary  inversely  as  the  square  of  the  distance  of  their  centers.     Now 

as  the  attraction  of  Q  to  P  varies  as j  it  must  vary  as^r^r^j  because  QP  is  to 

QG  in  a  given  ratio  ;  and  as  G  is  in  /the  line  QP^^iie  accelerati<m  of  ,Q  towards 
G  must  be  the  same  as  towards  P  /  hence,  Q  is  attracted  towards  G  with  a 

force  which  varies  as —J ;  therefore  (815)  Q  describes  about  G  a  conic  sec- 

TOL.  n.  D 
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tion  having  G  in  the  focus.  For  the  same  reason,  P  will  describe  a  similar 
figure  about  G  in  its  focus.  Also,  as  QG  :  QP  in  a  given  ratio,,  and  G  is  al- 
ways in  the  line  QP,  the  angular  velocity  of  Q  about  G  must  be  equal  to  its 
angular  velocity  about  P,  because,  in  respect  to  any  fixed  line  LM,  QG  and 
QP  always  make  the  same  angle  ;  therefore  Q  describes  a  figure  about  P  simi- 
lar to  that  which  it  describes  about  G,  and  in  the  same  periodic  time.  Now  all 
the  planets  are  attracted  to  the  sun  by  a  force  varying  according  to  the  above 
law  ;  hence,  each  planet  describes  about  the  center  of  gravity  of  itself  and  the 
sun,  an  ellipse  having  that  center  in  their  focus,  except  so  far  as  they  disturb 
each  other's  motions  by  their  mutual  attractions. 

842.  Conceive  a  body  Z  to  be  placed  at  G,  whose  attraction  upon  Q  shall 
be  equal  to  that  of  P  /  then  as  the  attraction  varies  as  the  quantity  of  matter 

Z        P 

directly  and  the  square  of  the  distance  inversely,  we  have  j-^^  =  — --- ;   hence, 

OG^ 

Z=.  P  X  -1 — -.  Now  (818)  the  squares  of  the  periodic  times  of  bodies  revolv- 
ing about  the  focus  of  an  ellipse  vary  as  the  cubes  of  the  major  axes  directly 
and  the  absolute  forces  inversely ;  therefore,  if  the  periodic  time  be  given,  the 
major  axis  must  vary  as  the  cube  root  of  the  absolute  force.  Hence,  tlie  major 
axis  of  the  ellipse  which  Q  describes  about   Z  :  the  major  axis  of  the  ellipse 

which  Q  would  describe  about  P  at  rest  in  the  same  periodic  time : :  P^  x 

r    .  :   P  ::  QG^  :  QP  ;  also,  from  similar  figures,  the  major  axis  of  Q  about 

QP^ 

P  Sit  rest  :  the  major  axis  of  Q  about  Z::  QP  :  QG  ;  hence,  by  compounding 

these  ratios,  we  get  the  major  axis  of  the  ellipse  which  Q  describes  about  P 

when  they  revolve  about  the  center  of  gravity  :  the  major  axis  of  the  elhpse 

m 

which  Q  would  describe  about  P  at  rest  in  the  same  periodic  time : :  QP*  : 

QG' ::  P  +  Q  :  P  .  This  is  the  same  conclusion  as  that  deduced  by  Sir  I. 
Newton  in  a  very  different  manner,  in  his  Principia^  Lib.  I.  Sect.  2.  Pr.  60. 
Hence,  as  the  quantity  of  matter  in  the  earth  :  that  of  the  moon ::  78  :  1,  the 
major  axis  of  the  ellipse  which  the  moon  describes  about  the  eartli  (they  re- 
volving about  their  common  center  of  gravity)  :  the  major  axis  of  the  ellipse 

which  the  moon  would  describe  about  the  earth  at  rest  in  the  same  time  ::  79^: 

78   ::429  :  427. 

FIG.  843.  Let  a  body  E  revolve  about  a  body  5  in  a  circle,  and  at  the  same  time 

1 96.      let  a  body  M  revolve  about  jE  in  a  circle  and  be  carried  with  E  about  S ;  to 

find  the  disturbing  force  of  S  upon  M  revolving  about  JE,  supposing  ME  to  be 

very  small  when  compared  with  SE^  and  the  force  to  vary  inversely  as  the 
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square  of  the  distance.  As  the  relative  situation  of  ikT  to  E  is  just  the  same 
as  if  £  was  at  rest,  let  us  suppose  E  to  be  at  rest.  Produce  SAE  to  Z),  draw 
CEB  perpendicular  to  AD^  and  MK  to  CB.     Now  let  ES  represent  the  at- 

tractive  force  of  E  to  S,  then  -L^  :  -r;— : :  SE  :  the  force  of  ikf  to  ;S= 


HE^     SM'  SM^' 

era 
hence,  by  the  resolution  of  forces,  SM :  SE::  ——- :  the  force  of  S  upon  M 

SM 

Or»4  SE^ 

in  a  direction  parallel  to  ES,  which  therefore  =  — --^  =  =  — y  =  G^y  divi- 

^  SAP     SE^MK' 

sion)  SE  4-  SMKy  omitting  the  other  terms  of  the  series  on  account  of  their 

smallness.     Hence,  as  the  force  ofEtoS  is  represented  by  SE  we  have  SAIK 

for  the  difference  of  the  forces  with  which  E  and  M  are  drawn  in  directions 

perpendicular  to  BCj  and  therefore  it  represents  the  disturbing  force  of  S  upon 

M  in  that  direction  ;  produce  therefore  KM  to  r,  and  take  Mr:=iSMK,  and 

Mr  will  represent  this  disturbing  force.     This  force  is  called  the  ablatitious 

force,  because  it  tends  to  draw  M  from  E;  and  in  the  opposite  semicircle 

BDCy  the  force  is  conceived  to  act  in  the  contrary  direction  ;  because  M  being 

there  less  attracted  to  S  than  E  is,  the  effect  is  just  the  same  as  if  M  were 

drawn  from  E  in  the  opposite  direction.     Hence,  the  effect  of  this  force  is  the 

same  in  each  semicircle  CAB^  BDCj  or  in  opposite  points  of  the  circle  ABDC. 

SE^      SK^ 
Also,  SM  :  ME ::  — —  :  - — -  x  ME  — ME  very  nearly,  the  disturbing  force 

AAf*  SM^ 
of  S  upon  M  in  the  direction  ME  ;  this  is  called  the  addititious  force, 
because  it  tends  to  draw  M  to  E.  Hence,  the  addititious  force  :  the  ab- 
latitious force::  ME  :  «7WJr,  or  SJV/jfiC, : :  rad.  :  three  times  the  sine  of  the  angle 
MECj  the  distance  of  M  from  quadratures.  Hence,  in  syzygies,  Jtfr  = 
SEM  or  SEAf  from  which,  if  we  take  EA  the  addititious  force,  there  remains 
2EA  for  the  whole  force  with  which  M  is  drawn  from  JE  in  syzygies. 

844.  The  disturbing  force  ME  compounded  with  the  attraction  of  M  to  Ej 

which  varies  as ,  make  a  force  which  does  not  vary  as ,  and  there* 

ME^  ME"^ 

fore  by  altering  the  law  of  force  it  must  alter  the  form  of  the  orbit ;  but  because 

the  force  ME  is  directed  to  JE,  it  will  not  (805)  destroy  the  equal  description 

of  areas  about  E  in  equal  times.     But  as  the  disturbing  force  Mr^  or  SMK^ 

neither  ^varies  as ,  nor  is  it  directed  from  At  to  £,  it  will  both  destroy  the 

ME'  ^ 

form  of  the  orbit  and  the  equal  description  of  areas  in  equal  times.  Therefore 
iW  will  not  continue  to  describe  a  circle  about  E.  Resolve  the  addititious 
force  ME  into  MK^  KEj  then  MK  acting  in  opposition  to  Mr  (^•^zSMK)^ 
we  get  2MK  for  the  whole  force  with  which  M  is  drawn  from  CB  in  the  di- 
rection i^Jlf  ;  hence,  we.  may  consider  M  as  acted  upon  by  two  disturbing 
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fbWrfes,  dtie  bf  which  =  2  WJf  in  the  direction  Xjf/,  and  the  other =jK'£  in  a  di- 
feetion  perpendicular  to  Kj\T^  the  force  of  *V  to  E  being  represented  by  SE. 
Hentfe,  the  addititious  force  at  J/,  and  these  two  disturbing  fbrces,  will  always 
be  as  ME^  2MK  and  KE. 

845.  Hitherto  we  have  supposed  the  plane  of  the  orbit  of  M  to  coincide 
with  that  of  A\  but  if  it  do  not,  then  as  the  force  Mr  acts  out  of  the  plane  of 
the  orbit  of  M  (except  when  the  nodes  lie  in  the  line  SAD)  it  must  continually 
draw  Aljrom  the  plane  of  its  orbit ;  the  plane  of  the  orbit  therefore  continually 
changing  will  cause  a  constant  motion  of  the  nodes,  and  a  variation  of  the  in- 
clination of  the  orbit,  the  method  of  computing  which  will  be  afterwards  shown. 
These  are,  in  general,  the  consequences  of  the  disturbing  forces,  the  particular 
effects  of  which  we  shall  now  proceed  to  consider. 

846.  Resolve  the  force  Mr  into  M^  in  the  direction  of  the  tangent  to  the 
point  J/,  and  M*w  in  the  direction  EM.  Then  as  the  body  moves  from  C  to  A^ 
the  force  Ms  acting  in  the  direction  in  which  the  body  moves,  must  accelerate 
the  body  ;  hence,  the  velocity  of  the  body  is  accelerated  from  quadratures  at  C 
to  syzygics  at  A.  But  whilst  the  body  moves  from  ^  to  1>,  the  force  Ms  acts 
in  a  direction  contrary  to  the  motion  of  the  body,  and  therefore  it  retards  tlie 
body  as  much  from  ^  to  ff  as  it  accelerated  it  from  Cto  A  ;  and  the  same  is 
true  for  the  other  semicircle  BDC.  Hence,  from  quadratures  to  syzygies  the 
body  is  accelerated,  and  from  syzygies  to  quadratures  it  is  as  much  retard- 
ed ;  consequently  the  velocity  is  greatest  in  syzygies  and  least  in  quadra- 
tures. 

847.  Hence,  also,  the  areas  will  be  accelerated  from  quadratures  to  syzygies, 
and  retarded  from  syzygies  to  quadratures ;  fcM*  (809)  when  the  force  tends 
ip  consequentia  the  areas  are  accelerated,  and  when  it  tends  in  antecedentia  they 
are  retarded.  Hence,  the  areas  described  by  M  about  E  are  greatest  in  syzygies 
and  least  in  quadratures. 

848.  The  ablatitious  force  Mr  (  =  SMK)  vanishes  in  quadratures, atid  the  ad- 
dititious force  remaining,  the  whole  force  of  M  to  Ein  quadratures  is  there  the 
greatest,  and  therefore  the  whole  gravity  ofM  to  E  is  increased  ;  and  in  syzy- 
gies,  Mr  is  the  greatest,  and  therefore  the  force  of  Mto  E  is  there  the  least,  and 
the  whole  gravity  of  A/ to  £  is  diminished;  for  as  Mr  is  there  =  S^£,  if  we 
ifiSce  from  it  the  addititious  force  =  A  *  ,  there  remains  2AE  for  the  whole  force 
with  which  M  is  drawn  from  E.  The  gravity  therefore  of  M  to  E  is  twice  as 
much  diminished  in  syzygies  as  increased  in  quadratures ;  and  in  a  whole  revolu- 
tioto,  the  gravity  of  M  to  E  is  diminished. 

849.  As  the  force  of  JJ/  to  i?  is  greatest  in  quadratures  the  tiagitta  t*,  in  a 
given  time,  is  greatest  in  those  points^  and  as  the  velocity  is  there  least,  the  arc 
Mt  described  must  be  the  least ;  hence,  the  curvature  of  the  orbit  is  there  the 
greatest,  the  curvature  being  as  the  sagitta  directly  and  the  square  of  the  arc 
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inversely.  And  as  the  force,  and  consequently  the  sagitta,  is  least  in  syzygies, 
and  the  velocity,  and  consequently  the  arc,  is  greatest,  the  curvature  of  the  orbit 
must  there  be  the  least  Hence,  the  orbit  must  put  on  the  form  of  an  oval, 
whose  longest  axis  passes  through  quadratures,  and  the  shortest  through  syzy- 
gies ;  consequently  the  body  J/ must  recede  further  from  E  in  quadratures  than 
in  syzygies.  It  will  afterwards  be  shown,  that  the  orbit  is  very  nearly  an  ellipse. 
This  elliptic  form  of  the  orbit,  and  the  above-mentioned  (846)  acceleration  and 
retardation  of  velocity,  cause,  when  applied  to  the  moon,  an  inequality  in  its 
motion,  called  its  variation^ 

850.  If  ES  be  diminished,  tlie  action  of  5  on  £  and  M  will  be  increased, 
and  their  difference,  or  the  disturbing  forces,  will  be  increased ;  and  as  the 
gravity  of  il/  to  J7  is,  in  a  whole  revolution,  diminished  by  the  distuiting  forces, 
that  difliimitian  must  be  increased  as  E  approaches  to  7",  consequently  the  ra- 
dius ME  will  be  increased.  Now  in  different  circles,  the  periodic  time  varies 
in  the  sesquiplicate  ratio  of  the  radius  directly,  and  the  square  root  of  the  abso- 
lute £»rce  inversely  (818);  hence,  as,  when  E  approaches  to  6',  the  radius  is 
increased  and  the  force  diminished,  the  periodic  time  must  increase.  There- 
fore if  E  revolve  about  S  in  an  ellipse  having  S  in  its  focus,  when  E  is  in  the 
higher  apside,  the  radius  ME  and  the  periodic  time  will  be  the  least ;  and 
when  E  is  in  the  lower  apside,  i)/£  and  the  periodic  time  will  be  the  greatest* 
How  the  periodic  time  is  altered  by  the  alteration  of  the  orbit  of  E  from  a 
circle  to  an  dlipse,  will  be  afterwards  shown.  These  are  the  general  effects  of 
the  disturbii;|g  forces  of  S  upon  J/,  on  supposition  that  the  orbit  of  AI  would 
(independent  of  the  disturbing  forces)  have  been  a  circle. 

851.  As  the  moon's  orbit  is  very  nearly  a  circle,  similar  effects  will  take 
place  upon  its  orbit,  from  the  action  of  the  sun ;  that  is,  when  the  earth  is 
nearest  to  the  sun,  the  moon's  orbit  will  be  dilated,  and  the  periodic  time  in- 
creased; and  when  the  earth  is  ftirthestfrom  the  sun,  the  orbit  will  be  contract- 
ed, «iid  the  periodic  time  dimijiished.  Hence,  the  moon's  periodic  time  and 
distMice  is  least  in  summer,  and  greatest  in  winter.  We  come  now  to  con- 
sider .the  effect  of  the  disturbing  forces  upon  an  elliptic  orbit  CABD. 

852.  Let  M  move  in  an  ellipse  about  E  in  its  focus ;  put  a  =  MEy  and  let 

c  represent  die  addititious  force,  and  let  the  natural  gravity  of  M  to  E^—. 

if 

Now  in  quadratures,  ttie  whole  &rx:e  (845)  of  J/  to  jB= — +  an        "^"^^ 

a*  ^^      ' 

hence,  with  thfrt  force  (830)  the  distance  of  the  apaideB  =  1 80^  x  ^— U^ 

^  6  +  4* 

f'h  4-  1 

which  is  less  than  180°,  because  y/  is  less  than  unity  j  therefiwe  the  ap- 
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sides  are  regressive  when  the  body  is  in  quadratures.      Now  in  syzygies,  the 
whole  force  of  M  to  £  =  —  —  2  a  =  — Z- —  (845);    therefore   (830)  the  dis- 


tancc  of  the  apsides  ==180°  x  y/^ >  which  is  greater  than  180'',  because 


\/-- is  greater  than  unity ;  hence,  the  apsides  are  progressive.    But  as  the. 

force  2a  which  causes  the  progressive  motion  in  syzygies  is  double  of  the  force 
a  which  causes  the  regressive  motion  in  quadratures,  the  progressive  motion  in 
syzygies  is  greater  than  the  regressive  motion  in  quadratures.  In  the  points 
between  quadratures  and  syzygies,  it  is  manifest  that  these  principles  cannot  be 
applied  to  find  the  motion  of  the  apsides,  because  the  force  does  not  vary  as 
any  power  of  the  distance,  inasmuch  as  there  is  a  force  Ms  acting  perpen- 
dicularly to  the  radius,  which  also  produces  a  motion  of  the  apsides;  we  shall 
afterwards  show  upon  what  principles  we  may  compute  the  whole  motion. 
853.  As  the  attractive  force  varies  inversely  as  the  square  of  the  distance, 

we  may  represent  the  attractive  force  of  £  to  S  by  -^^=^9  and  of  M  to  5  by 

__-;    hence,  SM  :  SE : :  -j-,-ri  •  that  part  of  the  force  of  S  upon  M  which 
SM^  oM  ^ 

acts  paraUel  to  ES=  A^^  =  ^^^^^3 = W  '^  ~SE}'    ''"^*^°^    *^®    °*^' 

terms  of  the  series  on  account  of  their  smallness;  hence,  the  difference  of  the 
forces  of  S  upon  M  and  £  in  a  direction  perpendicular  to  CJB,  or  the  ablati- 

tious    force,  is  =  — ^j^;   if  therefore  the  position   of  M  be  given,   and   SE 

SE^ 

vary,  the  ablatitious  force  varies  as  -^^;  but  if  the  position  of  M  be  given, 

the  ratio  of  the  ablatitious  to  the  addititious  force  is  given  (845).     Hence,  if 
the  position  of  M  be  given,  and  SE  vary,  the  disturbing  forces  will  vary  as 

J}    ;  and  if  the  absolute  force  {A)  of  5  should  vary,  the  disturbing  forces  will  vary 
SE^ 

as         .    But  if  P=the  periodic  time  of  E  about  *?,  then  (818)  -— .  varies  as 
SE  ^  -L 

— i— .     Also,  if  rf  =  the  diameter  of  the  body  5,  and  wi  ==  its  density,  then  A 
SE^ 

varies  as  d^  x  w  ;  hence,  the  disturbing  forces  vary  as  — -y-  x  m,  or  as  the  cube 

of  the  apparent  diameter  of  5  seen  from£,  and  its  density  conjointly.     Hence, 
if  the  absolute  force  of  S  and  the  distance  SE  vary,  the  disturbing  forces,  and 

consequently  the  errors  produced  by  them,  vary  as  -— ;   or  they  vary  as  the 
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cube  of  the  apparent  diameter  of  S  seen  from  jE,  and  the  density  of  S  conjoint- 
ly. These  are  the  linear  errors  of  M  seen  from  Ej  and  as  AIE  is  constant,  the 
angular  errors  will  vary  in  the  same  ratio. 

854.  Now  let  us  suppose  AIE  only  to  vary,  or  which  is  the  same,  conceive 
two  orbits  to  be  described  by  Af,  and  M  to  be  similarly  situated  in  them  ;  then 
the  addititious  force  varies  as  ME  (845)  ;  and  in  any  given  position  of  .1/,  the 
addititious  force  being  to  the  ablatitious  in  a  given  ratio  (845),  both  the  dis- 
turbing forces,  and  consequently  the  linear  errors  generated  by  them  in  a  given 
time,  will  vary  as  ME.  Hence,  considering  two  different  radii  MEy  if  in 
any  given  position  of  Mj  we  suppose  the  bodies  to  describe  a  given  indefinitely 
small  angle  about  £,  the  linear  errors  generated  in  that  time  will  be  as  the 
force  ME  x  the  square  of  the  time ;  but  the  times  of  describing  equal  angles 
about  E  will  be  as  the  whole  periodic  times  (p) ;  hence,  the  linear  errors  will 
>be  as  ME  x  ^* ;  and  as  the  same  is  true  for  every  indefinitely  small 
similar  parts  of  the  circles,  the  linear  errors  in  a  whole  revolution  will 
tary  as  ME  x  p*;  but  the  angular  errors  are  as  the  linear  errors  directly 
and  the  radius  ME  inversely ;  therefore  the  angular  errors  vary  as  ^*. 
Hence,  from  this  and  the  last  Article,  if  MEj  SEj  and  the  absolute  force 

o*  '  1 

of  S  vdry,    the  angular    errors    will   vary  as   ^^.     Or  if  for  — p.  we  sub- 

stitute  -r— rj->  the  angular  errors  vary  as— -— i-,   and  if  A  be  given,  they  vary 

as   f  ^  .     Now  the  error  generated  in  any  given  time  x  the  number  of  those 
SE^ 

times  in  a  revolution,  or  x  p^  (for  that  number  is  in  proportion  to  the  time  of  a 
revolution,)  must  be  as  the  whole  error  in  the  time  of  a  revolution,  or  as  -^: 

hence,  by  dividing  by  p,  the  errors  in  a  given  time  will  vary  as^     Hence,  the 

mean  motion  of  the  apsides  of  the  orbit  described  by  M  will  vary  as  the  mean 

motion  of  the  nodes,  and  each  will  vary  as  ^,  the  excentricity  and  inclination 

being  small,  and  remaining  the  same. 

855.  By  Art.  845,  the  addititious  force  ME  :  the  force  of  £  to  S::  ME  : 
SE  ;  and  the  forces  of  bodies  revolving  in  different  circles  being  as  their  radii 
directly  and  the  squares  of  the  periodic  times  inversely*,  we  have,  the  force  of 

E  to  S  :  the  mean  force  of  M  to  E : :  -!— ^  :  — --  j     hence,  by    compounding 

*  For  (812)  F  varies  as .,  because  in  this  case  jR  =:  half  the  chord  of  curvature;  but  if  P  be 

the  periodic  time^  V  varies  as  ?"'^""\*  which  varies  as  -_;  hence,  by  substitution,  JP varies  as  — ^. 

jP  jP  *^ 
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these  two' proportions,  the  addititious  force  :  the  mean  force  of  M to  E::p* : 
P*.  Hence,  if  ^  =  27rf.  7A.  48',  and  P  =  S65rf.  6h.  9',  we  get  the  addititious 
force  of  the  moon  :  its  mean  force  towards  the  earth  ::  1  :  178,725.  Now 
(845)  the  ablatitious  force  :  the  addititious : :  3  MK  :  ME  ;  hence,  this,  com- 
pounded with  the  last  proportion,  gives  the  ablatitious  force  :  the  mean  force  of 
the  moon  to  the  earth  ::  3  MK  :  ME  x  178,725  ::  MK  :  ME  x  59,575. 
But  Ms  :  the  ablatitious  force  Mr : :  KE  :  ME  ;  hence,  Ms  :  the  mean  force 
of  the  moon  to  the  earth  : :  MK  x  KE  :  ME*  x  59,575.  If  P  :  /> ::  1  :  «,  we 
have  the  addititious  force  :  the  mean  force  of  the  moon  to  the  earth : :  n*  :  1 , 
and  the  ablatitious  force  :  that  force : :  Sn^MK  :  ME. 

856.  It  will  be  proved  in  the  next  Chapter,  that  the  nodes  of  the  orbit  de- 
scribed by  the  body  3/,  have  a  retrograde  motion.  Hence,  if  instead  of  one 
body  Mj  we  suppose  the  whole  circumference  of  the  circle  to  be  filled  with 
bodies,  the  same  effect  will  be  produced  on  each,  and  the  nodes  of  the  orbit  of 
each  will  have  a  retrograde  motion ;  if  therefore  we  suppose  these  bodies  to  be 
connected  together,  so  as  to  form  a  solid  ring,  the  nodes  of  this  ring  will  have  a 
retrograde  motion.  Hence,  if  this  ring  were  joined  to  a  spherical  body,  so  that 
its  plane  might  pass  through  its  center,  the  nodes  of  that  plane  would  have  a 
retrograde  motion,  but  less  than  before,  in  as  much  as  the  force  which  causes 
that  motion  would  have  a  greater  quantity  of  matter  to  move,  and  therefore  the 
motion  would  be  diminidied  as  the  inertia  was  increased.  Now  the  earth,  fh)m 
the  rotation  about  its  axis,  has  its  equatorial  diameter  greater  than  its  polar, 
from  the  centrifugal  force  of  its  part»;  hence,  the  excess  of  the  quantity  of 
matter  in  the  earth  above  that  in  the  sphere  whose  diameter  is  the  earth's  polar 
axis,  answers  to  the  aforementioned  ring ;  consequently  the  attraction  of  the  sun 
and  moon  upon  this  excess  of  matter  must  cause  a  motion  of  the  equinoctial 
points  upon  the  ecliptic,  called  the  Precession  of  the  Equinoa^Sj  the  quantity  of 
which  will  be  afterwards  investigated. 

857.  Now  let  us  suppose  CABD  to  be  a  globe  revolving  about  an  axis  per- 
pendicular  to  that  section,  and  conceive  a  canal  to  be  cut  upon  its  surface  in 
this  section,  and  to  be  filled  with  a  fluid.  Then  this  fluid  will  be  accelerated 
from  quadratures  to  syzygies,  and  retarded  from  syzygies  to  quadratures,  by 
the  force  Ms.  Hence,  there  will  be  an  accumulation  of  the  fluid  in  syzygies, 
which  will  cause  it  to  rise  higher  in  those  points,  and  the  fluid  being  drawn  from 
quadratures,  it  will  there  be  -depressed.  But  in  consequence  of  the  motion 
acquired,  the  water  will  flow  beyond  syzygies,  and  will  continue  to  rise,  until 
its  motion  be  destroyed  by  the  force  Ais  in  the  next  quadrant ;  the  fluid  will 
therefore  continue  to  rise  to  some  distance  beyond  the  syzygies,  and  the  high* 
est  point  of  the  fluid  vrill  be  beyond  the  syzygies,  and  the  lowest  point  beyond 
the  quadratures.  Thus  the  fluid  will  be  highest  and  lowest  at  the  same  time, 
at  the  distance  of  about  90^    If  we  suppose  the  body  CABD  to  represent  the 
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earth)  and  S  the  sun  or  moon,  it  is  manifest  that  their  attraction  will  cause  the 
same  effect  upon  the  water  which  covers  its  surface ;  and  the  syzygies  being 
that  meridian  on  which  the  sun  or  moon  is,  it  follows  that  the  time  of  the  high 
tide  from  the  sun  or  moon  will  be  some  time  after  they  have  passed  the  meridian^ 
and  the  low  water  about  six  hours  after.  When  the  sun  and  moon  are  in  con- 
junction or  opposition,  it  is  manifest  that  they  will  both  tend  to  raise  the  water 
at  the  same  place,  and  therefore  there  will  then  be  the  highest  tide;  and  when 
they  are  in  quadratures,  one  tends  to  raise'  the  water  where  the  other  tends  to 
depress  it,  and  therefore  the  tides  will  then  be  the  least.  These  are  the  general 
principles  of  the  tides,  which  will  be  further  explained  in  Chapter  XXXVIII. 

858.  In  Art.  843,  &c.  we  have  supposed  that  AI  revolves  about  JE  at  rest, 
whereas  it  is  proved  (84?0)  that  two  bodies  revolving  and  attracting  each  other, 

will  revolve  about  their  center  of  gravity  j  but  tlie  motions  of  Af  and  E,  (which  pig. 
we  will  suppose  to. represent  the  moon  and  earth)  about  that  center  are  disturb-  197. 
ed  by  similar  forces  by  S  representing  the  sun  ;  and  if  the  sum  of  these  forces 
be  referred  to  the  moon,  and  the  earth  be  supposed  at  rest,  their  effect  in  dis- 
turbing the  relative  situation  of  the  earth  and  moon  will  be  the  same  as  if  the 
respective  effects  on  each  took  place^  and  they  revolved  about  their  center  of 
gravity  G.  For  here  the  addititious  force  of  S  on  Mto  the  center  G  is  MG^ 
G*?  representing  the  force  of  G  to  S ;  also,  EG  will  represent  the  addititious 
force  of  E  to  G.  Hence,  the  sum  of  these  forces  =  Af  fi,  the  whole  addititious 
force  by  which  the  tendency  of  M  and  E  towards  each  other  is  increased, 
whflchi  is  the  same  quantity  as  when  E  was  at  rest.  Also,  the  sum  of  the  abla^ 
titious  forces  in  the  former  case  is  equal  to  tlic  ablatitious  force  in  the  latter  ;  * 
for  the  distance  of  each  body  from  quadratures  being  tlie  same,  the  ratio  (845) 
of  tlie  ablatitious  to  the  addititious  forces  are  the  same,  and  therefore  the  sum  of 
the  ablatitious  forces  of  J/ and  E  when  revolving  about  G  (for  they  act  in  oppo< 
^e  diifections)  is  equal  to  tlie  ablatitious  force  of  AI  when  revolving  about  E 
at  rest.  In  the  theory  of  the  moon  tlierefore,  we  consider  the  moon  to  revolve 
about  tlie  earth  at  cest,  and  re&r  all  the  disturbing  force  to  the  moon.     If  E 

E 
and  M represent  tlie  masses  of  the  earth  and  moon,  then  ■  ^^  -  represents  tlxe   . 

attraction  of  M  to  Z,  and  -=^^ — ^  represents  the  attraction  of  E  to  M  ;  hence, 

M  is  supposed  to  be  attracted  to  E  at  rest  by  the  force    v,"!"^  . 

859.  If  a  plane  Zllzh  be  acted  upon  by  two  forces,  one  of  which  would 
make  it  revolve  about  the  axis  ^7!2?,and  the  other  about  HThy  to  find  the  axis 
Mlm  lying  iu  the  same  plane, about  which  it  will  revolve.     Let  c  ;  1  as  the  an- 
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gular  velocity  about  Zz  :  that  about  Hlu  Assume  any  point  i?,  and  draw  RO 
perpendicular  to  Hh^  and  RB  to  Zz  ;  divide  the  angle  HTZhy  MT^  so  that 
sin.  MTZ :  sin.  MTH\:  1  :  r,  and  Mlm  will  be  the  axis  required.  Let  MT  cut 
RO  in  P,  and  draw  RB^  PQ^  OD  perpendicular  to  Zz,  RA  to  Mm,  and  JRF  to 

PQy  and  join  OQ.    Now  PQ :  PO ::  1  :  cq:  — r-     Also,  tlie  linear  velocity  is 

P«c 

as  tlie  angular  velocity  x  radius ;  therefore  the  linear  velocity  of  R  about  ZXy 
Hhy  are  as  c  X  jBJB,  or  c  x  FQ,  and  RO  ;  we  have  therefore  to  consider  what 
may  be  the  joint  effect  of  these  two  velocities.     Now  RO^^cx  VQ=zRO^FQ 

but   by  sin.    trir 


-m^^O^FQZrpy^^^^RF^PV.I^; 


PR  =  ^£L±/^A,  and  PV^R'^-  P^ 


DT      TP  xRA 
10  ^        TO 


also. 


DT 
TO 


for 


TO       '  20 

=8in.  DOr=  sin.   (Drr- PJO)  =  sin.  (90°  — DrO~Pr(r>)  =  cos.  (2)7(0 

+  PTO)  =  (Trig.  Art  102.)  ^^ ""  ^  ~/^ ""  ^^  ;  in  PF  substitute  this 

TP 

DT 

-=T,  and  fbr  PR  substitute  its  value,  and  by  Reduction  we  get  PR  -f 

PF  X  ^  (the  joiht  effect  of  the  two  velocities)  JTQ^PO^TOxPQ  ^  jl_ 

X RA  =  ?!■"*  ,,,„r^  X  RAy  which  varies  as  RA^ ;  that  is,  the  velocity  of  every 
Sin.  PIZ  "^  '' 

point  about  J/w^  varies  as  its  pei-pendicular  distance  from  Mlm;  hence,  MTm  is 
the  axis  about  which  the  plane  revolves.  But  if  the  point  F  at  which  the  two 
forces  act  to  give  the  plane  a  rotatory  motion  about  Z»,  HA,  lie  out  of  that 
plane,  draw  FR  perpendicular  to  the  plane,  and  join  FO  ;  FB.  Now  the  velo- 
city of  F  about  Hh  is  as  FO  and  that  velocity  is  perpendicular  to  FO ;  and  if 
we  resolve  it  into  two,  are  in  the  direction  FR  and  the  other  parallel  to  OBj. 
the  velocity  in  the  direction  FR^mRO  as  before,  and  the  velocity  in  the  di- 
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rection  parallel  to  the  plane,  =2^/2.  For  the  same  reason,  the  velocity  of  i^ 
about  Zz  gives  a  velocity  in  the  directioiT -FiJ,  =  c  x  FR  as  before,  and  in  a  di- 
rection parallel  to  BR^zzc  x  BR.  Hence,  the  axis  Mm  will  still  continue  the 
axis  of  rotation,  and  F  has  a  motion  parallel  to  the  plane,  or  it  gives  the 
plane  a  motion  in  its  own  plane.  ,  *         , 

:  860.  The  velocities  F/J,  c  x  FR  are  as  I :  c  or  as  PQ  :  PO.  Draw  AC  pa- 
rallel  to  PQ.  Now  PQTO  would.be  inscribed  in  a  circle,  tlie  angles  O,  Q, 
being  right  ones;  hence,  the^  angle  PQO.=:  P TO;  but  the  angle  ARP=: 
comp.  ^Pi2 =comp.  OPT^PT0zzPQ0yACR:kQP0y  and  AC  is  parallel  to 
PQ  ;  hence,  the  triangles  RACj  QPO  are  similar,  and  RCiCA::  PQ  :  QO : : 
vel.  FR  :  vel.  c  x  PR,  and  let  these  express  the  velocities.  Now  the  triangles 
ACR^  OPQa^ve  similar,  and  OQ  would  be  the  compound  velocities  of  OP^  PQy 
an^  P!f^;OQ::Pii  (represented  by  RQ):]^A  (representing  the  cpfnpcmtid 

ixlocities  of  PP,c  x  FR,  in  the  dii-^ction  parallel  to  /?^)  =  Pi?  x^;    jaence/ 

■•■••  ^   ^  Q  .^.  :  -v. 

the  two  velocities  of  P  dbout  Zz,  HK  are  equivalent  to  -!"'  ^L^.  x  RA 

sm.  PTZ 


which  is  perpendicular  to  the  plane,  and  FR  x  ^111  parallel  to  RA. 


OQ 
PQ 


861.  If  on  any  body  two  forces  be  impressed  upon  any  two  points,  of 
which  one  would  cause  the  body  to  revolve  about  one  axis,  and  the  other  about 
another,  separately ;  ^hen  compounded  they  would  cause  the  body  to  revolve 
about  d  iftiircl  axis;  of  which  the  lines  of  its  deviation  from  the  first  two  axes, 
wil\  be  reciprocally  03  tlie  angular  velocities.     By  the  last  article,, the  two  velo- 

cities  of  Pabout  Zs,  ////,  are  equivalent  to  \  *      ~  x  RA  perpendicular  to  the 

sin.  1*1  Zi  X 

plane  Z^HliZj.  and  J7i  x  ^  paraUel  to  RA.  But  bjf .  sin,  tri.  OQ  zjilEjL,2R  , 
hence,  the  velocity  parajlel.to  ^^  =  i^f^^)^FR^^J^xFll.'T>Tm^ 
Fa  parallel  to  RA  and  ==.?iHl^Z!?  x  FR^  produce  iZJf  tp  r,  and  take^Fr 


4  • 


-    V         ./ 


.»•    . 


sin  OTZ 
'     P/Z^^^^  ^^^  complete  the  parallelc^ram  aFrf,  and  the  diagonal  JJ/will' 

represent  the  direction  of  P's  motion ;  and  compounding  these  t^o  motions,  we 
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get  the  velocity  =  -; 


sin.  OTZ 


xFA  proportional  to  FA;  and  as  t!ie  triangles 


ain.  Pr^ 

JB^y  FRA  are  similar,  J^  is  perpendieiidar  to  FA.    Hence,  F  revolves  about 
A.    The  same  is  true  for  every  point  F. 

If  we  divide  ^-Sl^^f  X  RA  by  RAy  we  get  T  9^J1^  the  angular  velocity 


sin.  PTZ 


ain.  FTZ 


PC} 

about  il^  ;  and  as  the  angular  y^ocity  about  Hh  is  1 ,  and  about  Zz  is  c,  or  -1-. 

3=  ". '    ,  \,^^,  the  angular  velocities  about  Jl/m,  HA,  Zxr,  are  as  the  sines  of  the 
sin.  PTZ 

an|^  OTZ^  PTZy  OTP.    Hetice  we  see,  that  the  composition  of  motions  of 

rotation  take  place  as  in  that  of  free  motions ;  we  compound  velocities  not  moi* 

menta  pn  a  sphere,  however,  the  latter  are  in  proportion  to  the  former. 


."J  J   • 
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ON  THE  THEOKY  OF  THB  MOpM.  '' 


f  ... 


.*■»: 
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N  the   last  Chapter  we  explained  the  general  priticiplfeS  "df  the 

disturbing  force  of  the  sun  upon  the  moon,  and  the  nature  of  the  efiGbcts  pro- 
duced by  it ;  but  to  enter  into  a  computation  of  all  tfaeseefiects,  would  require 
ah  investigation  of  the  nature  of  the  curve  described  by  a  body  attracted  to 
two  points,  called  the  Problem  of  the  Three  Bodies.  This  problem  has  been 
solved  by  M.  Clairaut,  in  a  Treatise,  entitled^  Theorie  dc  la  Lune;hyM. 
EuLER,  in  his  Iheoria  Moluum  Lunce  ;  by  M.  d'Alembert  in  his  RecJicrches 
sur  differens  Points  mportans  du  SifStAne  du  Monde  ;  by  Frisi  in  his  Cosmo* 
graphice  PhysictB  et  Mathematicoe^  pars  prior  ;  and  by  T.  Mayer  in  his  Theoria 
Lunacy  juTta  Sy sterna  Newtonianum.  Mr.  T.  SrMPsoN  began  a  Theortf  of  the 
Moony  but  left  it  unfinished.  M.  Clairaut  at  first  objected  to  Sir  I.  New- 
ton's  law  of  gravity,  that  it  would  not  account  for  the  motion  of  the  apsides  of 
the  moon's  orbit ;  he  afterwards,  however,  discovered  his  error,  and  found  that 
it  would  account,  not  only  for  that  motion,  but  for  all  the  lunar  irregylarities ;  and 
he  was  the  first  person  who  gave  a  complete  Tlieory  of  the  moon.  Sir  I.  Newton 
first  gave  a  Theory  of  the  moon  from  the  principles  of  gravity,  and  by  very 
ingenious  artifices,  he  found  some  of  the  principal  equations;  but  his  indirect 
method  did  not  carry  him  to  many  of  the  smaller  equations,  so  that  his  compu- 
tations could  not  be  depended  upon  to  give  the  moon's  place  nearer  than  5^  or 
6'.  Others  have  attempted  the  same  by  indirect  methods,  of  whom  Frisi  has 
been  the  most  successful.  As  it  would  not  be  consistent  with  the  plan  of  this 
Work  to  give  a  complete  Theory  of  the  moon,  we  shall,  in  this  Chapter,  explain 
such  parts  thereof  as  can  properly  be  here  introduced,  in  which  we  shall  prin- 
cipally follow  the  indirect  methods  of  Newton  and  Frisi  j  and  although  the 
conclusions  thus  deduced  are  not  always  so  accurate  as  those  which  are  derived 
from  a  direct  solution  of  the  problem,  yet  they  give,  the  true  arguments,  and 
their  coefficients  to  a  very  considerable  degree  of  accuracy.  This  method  of 
treating  the  subject  has  this  advantage,  that  it  points  out  more  clearly  the  par- 
ticular causes  of  the  several  equations  so  deduced,  which  are  not  obvious  in  the 
equations  derived  from  the  general  solutioiL.  In  Chap.  XXXVII.  we  shall  ex- 
plain the  direct  solution  of  this  problem. 

863.  As  the  attractive  force  varies  inversely  as  the  square  of  the  distance,  let 


1 
SM 


Y  represent  the  attraction  of  the  moon  M  towards  the  sun  S,  then 


1 
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will.bq  the  Uttraotion  of  the  earth  £  to  S.     Resolve,  the  force-, — ^iatothe^ 
directioijs  JWJ;,  £S ;  then,  SM  :  SE  ::  -1_  .— :^=       /^-^-r    ^ 

T^^4.T  ^  *^^  force  with  which  ^S  acts  upon  Min  a  direction  parallel  to  £S^ 

from  which  subtract  _  tlie  force  of  E  to  Sy  and  we  have  -    J^{  =  Mr)  the 
force .  with  \Yhich  S  draws  Jll  from  -E  in  tlie  direction  KM.     Hence,  by  simi- 

« ■  .  »        ■       •  •  

lar  triangles,  rMs,  MEK,  ME  :  KE::  ^^  (  =  Mr)  :  ^^"^^'^  ^  ^^  =  jl/i 

the  part  of  the  force  J/r  which  acts  perpendicularly  to  EM ;  also,J/jK  :  MK:: 
£^^  :  L^j^^     =  3/w  the  part  of  the  force  Mr  which  acts  in  the  direc- 

tion  ilAf /'but  ^M:  EM::~,  (the  force  of  5  upon  M):£M.  the  additi- 

tioas  forcre,  or  the  force  of  *S  upon  J/  in  the  direction  jl//;;;  hence,  the  whole 
distuibipg*  force  ^ of  i^  upon  -/fcfin  the  direction  MK.\%  ilAL ._™:A = 

.       MK'     j.j^     MK'      ^,^    -; — 'EM    sJM       ^ — -. 

EM     'sEM    :7T7Tvt  EM     SEW  r^i^m  i 

SW^'SE^  "^  *""'^  ^^''*  ^'^^^^==~2Tm  :^  i;X^ ""  ^^^-  ^ '^^^  ^^^  "^*^''^^'- 

864.  Let  the  periodic  time  of  M  ahouL^E  be  to  that  of  E  about  .Jasn  :  1  i 

then  the  orbits  being  sujpposcd  to  be  very  nearly  circular,  we  have  (855)  the 

•   '      '•'  ■    '  ■  PlAI 

addftittous  force   —..  :  the  mean  force  of  M to  E::n'  i  1.     Let  the.mean^. 

force  of  3/ to  ^E,  at  the  mean  distance  unity,  be  represented  by  unity,  arid  we- 
get  n*  =  -— — r=         -  nearly  ;  hence,  the  disturbing  force  of  S  upon  Af  in  the 

direction   MK  is-  l-   n*  x  CJ/+4  n'  x  K.T/xcos.  2MEC.     Now  in  a  whole 
revolution,  the  last   term  is^  destroyed  by  the  opposition^  of"- its   signs  j    and^ 
the  mean  value  oi   EM  being  liiiity,    we  get--^  w*  for  the  mean  disturb-' 
in^  force  of  aS  uport  j^/  in»  the  (tirection    MF.      New  in  order  to  obtaftf 
the  force  of  gravity  of  the  moon  towards  the  earth,    upon  the    siip^sitiori^ 
already  made,  we  must  consider  that  \yhcn  wc  assume  the  periodic  ;tiine  of: 
the  njoon  to  be  n,  it  is  the  periodic  time  corresponding  to  the  mean  force 
of  the  moon  towards  tlic  earth,  whichjbrce  is  equal  to  the  natural  gravity  of 
the  moon  towards  the  earth,  diminished  by  the  mean  disturbing  force  of  .S  upon 
Min  the  direction  EM;  that  is,  the  mean  force  of  gravity  of  the  moon  to^^" 
wards  the  earth  — 7]n*  =  l,  the  mean  force  ofM  to  E  ;   hence,  the  mean  force 
X)f  gravity  of  the  moon  towards  the  earth,  at  the  mean  disfcince  unity,  =  1  + 
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ifC  ;  consequently  that  force  at  any  other  distance  EM  is         L^   -       Hence, 

the  whole  force  of  the  moon  towards  the  earth  —  ^  "^^^.  —  in*  x  EM  + 1  n* 

X  EM  X  COS.  2MEC.     Put  ; — j— -=  iw,  and  the  whole  force  becomes  proper* 

1  -f  jn*  ^    ^ 

tional  to— ~— Jm  x  EM -^imx EM x cos.  2MECy  in  which  expression, 

unity  represents  the  force  of  gravity  of  the  moon  towards  the  earth  at  the 
mean  distance,  and  the  other  quantities  represent  tlie  proper  proportional  dis* 
turbing  forces. 

865.  If  the  disturbing  force  be  assumed  ^f^^^^x27  sin-  AIEC,*  then, 

upon  the  same  supposition,  the  whole  force  will  be  -= —  +  m  x  EM  —  3in  x 

EM^  ^  -•'-  * 


EM  X  sin,  MEC .     Also,  the  quantity  -37-r — ^rrr^-^ — >  vj  jl      r ,  wmch  re- 

^  "^    AILxSiL^  ME 

presented  the  force  acting  in  the  direction  Mr^  must  now  be  rejta^esentbd  by 
1  SrCMKxKE    SmxMKxKE 


1+-X  ME  ME 

866.  If  the  Telocity  with  which  the  moon  was  projected  at  the  mean  distance 

unity,  be  u;  then  at  any  other  distance  EM^  it  would  be  -^rj^^  nearly,  in  an  orbit 

M,E 

very  nearly  a  circle,  suppo^dng  that  there  was  no  tangential  force.     Now  the 

force  at  the  mean  distances:  1  —{m^  and  (825)  a  body  must  fall  down  half  that 

distance  (^)  to  acquire  the  velocity  in  the  circle ;  hence,  by  the  laws  of  fiilling 

bodies,  w=v/2x  1  — ^w  x  ^  =^/l  — ^m  =  1  ^^  nearly.   Let  v  be  the  velocity  of 
the  moon  at  M  ;  then  as  the  force  (865)  which  acts  upon  the  moon  at  M  in  the 

direction  of  the  tangent  is ^  vf  ^.'^ >  ^®  have,  by  the  principles  of  mo- 

AlJu 

.    SmxMKxKE     .^ 
tion,  w= jj^£ X CM  =  (if  we  put  MKzzX^  and  assume  MEzzl^ 

wh^cb.  we  may  here  consider  constant,  without  producing  any  sensible  error) 
Smxr,  lience  t;*=.3nMr*  +  Cbr.     But  (866)  at  the  mean  distance,  the  velocity: 

V^l^hn^u;  hence,   t;*=    ^\4-3nLr*=  ,^*    -f  g^  x  A/£*x    '^^    =:_!L  4, 


'Y*       r      — TTEiT*       V      1  ^  n^^jnf.      tl 


% 


Sm  X  ME*  X  sin.  MEC  =  (as  sin.  MEC = J  -  ^  cos.  2MEC)-TJ^^  +  im  x  ME* 
-  fm  X  J/jE*  X  COS.  2MEC. 


EM 


*  Frisi,  and  other  Writerdi  male  this  forcerrj^jji-    For  this  correction  we  are  indebted  to  Dr. 
Maskeltnb. 
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867.  Thua^far  we  have  considered  the  velocity  of  J/ in  respect  to  5  as  fixed . 
biit  ai^fi^  is  iti  mptton,  let  us  pat  d  :  1 ::  synodic  revolutioii  of  the  moon  :  its 
periodic  time ;  then  at  any  angular  distance  CEM  from  quadratures,  the  moon 
Itaa  actually  described  the  angle  d  x  CEM  from  the  time  it  was  in  quadratures, 

HbocOi  we.  must  write  d  x  CAI  for  CAJy  consequently  v*  =  Jf^  f  3m  x  rf  x  ME^ 

X  SoTMECf  zz  (if  szz  sine  of  MECy  jfrr*  +  Sw  x  rf  x  J/£*  x  s*;.  And,  (as  the 
second  term  is  very  small  compared  with  the  first)  vn ---^_.  +  im  xdx  ME*  x 
5*  very  nearly. 

On  the  Radius  Vector  of  the  Moon's  OrMt^  and  the  Equatibn  of  its  Center. 

TW.         868.  I^rct  AGQ  be  a  semi-cllipsc,  F  its  center,  £,  i,  its  foci,  FG  its  semi- 

198.     axis  minor,  and  draw  EM^  EGj  and  J/AT  perpendicular  to  AQ.     Put  FA-=, 

1,   LAEMrnZy  FGzuCj  FE=iiu    By  the  pf'operty  of  the  ellipse^  AF^ :  FG* 

zzEG^^ gjT  =  AF^'-Er  ::  ANxNQzzIfF^FNxAF^FNzzAF'^FN^ 

:  NM*:\  AF^^ENt  EF^  ;  NAP;  ta  the  value  of  NAP  found  from  hence, 

add  £A'%  and  extract  the  square  root,  and  we  get  EAI=^FA±  —  ^^!—.'^ 

FA 

^;  hMt± EN  =  EM X COS,  M^A;  hence,  EM-^^I^^J'S^ElMM := 
FA  ■  FA 

i*4  FA  I'A - FE  x  C08.  AJt,A     l-wx  cos.  z 

(by  division)  c*  x  1  4- w  x.cos.  z-^-w''  x  co^»  z"  +  w)  x  cosT^'  +  &c.  but  (see  my 
TrigO^  cos.  x*=-i-f4cos.  25?,.  cos.  jsr' =  I  c® ,  i?  t  i  cos.  Sr,  &c.  also^  c*  =  l  — 
»*;  hences,  JEJ/zilI  -^  tt)*  -f  w-^^w^  x  cosw  r +:^  a?*  x  cos.  2z^\  w^  x  cos.  3js 4- 
&c.  If  the  oxcentricity  be  very  small,  EAl^  l-^-w  x  cos.  z  nearly ;  and  the 
variation  of  EM  is  nearly  in  proportion  to  cos.  A  EAT. 

869.  Draw  /:m  indefinitely  near  to  EM;  ami  with  radius^  Ezzi^^AF  x  FG^ 
describe  the  circle  zxy  and  take  tlie  area  zEtv^AEAI^  and  suppose  a  body  to 
revolve  fro^ii  A  to  M  about  E;  then^  the  angle  A  EM  is*  the  true  anomaly, 
and  AF.W  (Note  to  Art.  2270  is  tlie  mean  anoiuary ;.  hence,,  the  mean  ana- 
*  maly  :  the  true  anomaly::  LzEw  :  /lzEv:: sector  zEw  :  sector  zEv  ::  area 

AEAf  :  area  zKv;  therefore  the  increment  of  the  mean  anomaly  (Z)  :  the  in- 
crement of  the  true  anomaly   (z)  ::  area  EMm  :  arear  A'w^  ::  EAF  :  Ev^ 

EAP       ~   ' 
zz  Ez^  =  c;  hence,  Z  =  — ;; —  x  i  =:  (by  substituting   for   EAI  its  value 

1  -h  w  X  cos.   z  ^-rd^  X  cos.   z  +  rc^  x  cos.   z^  -f  &c.   by   Article    868.)  c'  x  ;  x 
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1  +  2tip  X  COS.  z  '+3w*  X  COS.  /  +  4a;'  x  cos.  z^  +  &c.  =  (by  substituting  for  c'  its 
value  1  —  1 2i>*  aearly,  s^nd  putting  for  cos.  z^  cos.  ^',  &c.  tlieir  values  as  be- 
fore) i  +  2w  X  COS.  js  X  i  + 1  tt^*  X  C03.  2;k  x  2:  +  w'  x  cos.  Szxz-\-  &c.  whose  fluent 
is  Z=i  +  2a;  x  sin. ;?  +  ^  a;*  x  sin.  2z^\w^  x  sin.  Sjsr  +  &c.  the  mean  anomaly  in 
terms  of  the  true. 

870.  Given  the  mean  anomaly,  to  find  the  true.  By  the  last  Article,  z-^Z 
-  2ti;  X  5.  jsr— f  ««;*  X  5.  2;5— ^  a;'  X  5.  Sz^  omitting  the  terms  which  come  after ; 
henccj^  J8r= ^—  2wxs.  z  nearly,  =Z—  2a;  x  ^.  Z  nearly ;  also,  z  =  Z—  2wxs.  z 
— -I  a>*  X  s.  2z  more  nearly ;  substitute  in  the  second  term  of  this  equation,  the 
above  value  of  Zj  and  in  the  third  term,  substitute  Z  for  Zy  and  5r=Z— 2ze;  x 
sin.  (Z—2WXS.  Z)— f  a;*x5.  2Z.  Now  in  the  given  equation,  substitute  in 
the  second  term  (—  2a;  x  5.  j2?)  the  last  value  of  z;  and  in  tlie  third  term  (— |: 
a;*  s.  2z)  substitute  Z—2w  x  sin.  Z  for  z;  also,  in  the  last  term  (— j  a;'  x  5.  3z) 

substitute  Z  for  «,  and  we  get  5f=:Z— 2a;  x  sin.  (Z— 2a;  x  s.Z—2wxs.  Z^^  a;* 

X  s.  2Z)  — f  a;*  X  sin.  (2Z— 4a;  x  5.  Z)  — ^  a;'  x  sin.  3Z.     Now  as  4a;  x  sin.  Z  is 

very  small  compared  with  2Z,  we  have— ^  a;*  x  sin.  (2Z— 4r£;  xs.  Z)  =:  — |  a;* 

X  sin.  2Z— 4a;  X  sin.  Z  x  cos.  2Z=:  — |  a;'  x  sin.  2Z+  8a;'  x  sin.  Z  x  cos.  2Z=: 
(as  sin.  Z  x  cos.  2Z=  h  sin.  SZ— ^  sin.  Z)  — :|  w*  x  sin.  2Z  +  iw^x  sin.  SZ^i  xv^ 

X  sin.  Z.  In  like  manner,  — 2a;  x  sin.  (Z— 2a;x  sin.  Z)  =  (by  considering  cos. 
2a;  X  sin.  Z=  1)— 2a;  x  sin.  Z+  4a?*  x  sin.  Z  x  cos.  Z=  — 2Tt;  x  sin.  Z  +  2a;*  x  sin. 

2Z.    Hence,  —2a;  x  sin.  (Z— 2a;  x  sin.  Z—  2a;  x  sin.  Z— |  a;*  x  sin.  2Z)=  —2a; 
X  sin.  (Z  — 2a;  X  sin.Z+  J  a;*  x  sin.  2Z)=  —  2a;  x  sin.  (Z— [2a;  x  sin.  Z— f  a;*  x 
sin.    2Z])  =  —  2a;  X 

sin.Zx  cos.(2a;  X  sin.Z— Ja;*  x  sin.2Z)— cos.Zx  sin.(2r^  x  sin.Z— ia;*  x  sin.2Z) 
=  []as  cos.  (2w  X  sin.  Z— i  a;*  x  sin.  2Z)=:  1  —  2k;*  x  sin.  Z*  nearly,  and  sin.  (2a; 
x  sin.  Z— 5  a;*  x  sin.  2Z)zz2w  x  sin.  Z— i  a;*  x  sin.  2Z  nearly]  — 2a;  x  sin.  Z-r 
4a;-  X  sin.  Z'  +  4a;*  x  sin.  Z  x  cos.  Z—  i  w^  x  cos.  Z  x  sin.  2Z=  [as  sin.  Z'  =  f  sin. 
Z— i  sin.  SZ,  sin.  Zxcos.  Z=^  sin.  2Z,  and  cos.  Zxsin.  2Z=J  sin.  SZ-^^ 
sin.  Z]  —  2a;  X  sin.  Z+ 1  a;'  x  sin.  Z+  2a;*  x  sin.  2Z—  2  a;'  x  sin.  3Z.  These 
quantities  being  substituted  into  the  first  equation,  and  the  like  terms  being 
collected  together,  we  get  ;8r  =  Z— 2a;  x  sin.  Z+i  a;*  x  sin.  2Z—\i  xv^  x  sin.  sZ 

4-  i  a;'  X  sin.  Z 
the  true  anomaly.  Thus  we  may  find  the  true  anomaly  from  the  mean,  for  all 
the  planets  ;  but  this  rule  is  not  sq  well  adapted  for  calculation,  as  those  given 
in  the  tenth  Chapter.  If  the  excentricity  be  very  small,  the  equation  of  the 
center  becomes  nearly  =  —  2a;  x  sin.  Z=  —  2a;  x  sin. ;:  nearly ;  hence,  the  equa- 
tion is  in  proportion  to  the  sine  of  the  true  anomaly  nearly. 

871.  The  second  term  becomes  a  maximum  at  90°  from  the  apsides;  the 
third  term  at  the  octants  from  the  apsides ;  the  fourth  term  at  Stf*  from  the  ap- 
sides.   But  as  the  first  term  is  the  principal  one,  the  first  of  these  equations  be- 
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comes  a  maximum  at  90^  from  the  apsides ;  the  second,  at  the  octants  from  the 
apsides ;  and  the  tliird,  at  the  distance  of  30®  from  the  apsides.  As  the  first 
equation  is  the  principal  one,  the  whole  equation  must  be  a  maximum  when  Z 
is  nearly  90°,  or  90°  +e,  e  being  very  small ;  hence,  sin.  2^=  1  —  ij^  e*  nearly ; 
sin.  2^=5  —  2e  nearly ;  and  sin.  ^Z—  —  1  very  nearly ;  by  substitution  therefore 

we  get  the  equation  when  a  maximum  =—2w;  +  tt?e*4-——^?Lf— 1^5^ very 

4         2  12  "^ 

nearly;  make  the  fluxion  of  this=0,  and  we  find  €  =  —  ;  hence,  the  greatest 
equation  is  — 2a?— —.     For  the  moon,  a;  =  ,05505;    hence,  the  greatest 

48 
equation  is«6°.  18'.  30"-!'.  22'=  -6°.  19'.  52\ 

872.  For  w  substitute  0,05505  the  mean  excentricity  of  the  moon's  orbit, 
and  the  true  anomaly  of  the  moon  zziZ-  6°.  18'.  30"  x  sin.  Z+  13'  x  sin.  2Z— 

+  8"  X  sin.  Z 
37"  X  sin.  SZ=Z-6^  18'.  22"  x  sin.  Z+  IS'  x  sin.  ^Z-SY  x  sin.  SZ. 

873.  By  Art.  868.  the  radius  vector  =  l—^xd^-i-wx  cos.  z  +  ^  w*  x  cos.  2z  + 
&c.  in  which,  if  we  substitute  for  ;:  its  value  Z  — 2w  x  sin.  Z  nearly,  and  neglect 
all  those  terms  where  any  powers  of  w  greater  than  the  second  enter ;  and  for 
xos.  z,  we  put  cos.  {Z--2W  x  sin.  Z)=:(as  2w  x  sin.  Z  is  very  small)  cos.  Z  + 

2w  X  sin.  Z  =  cos.  Z  +  w  —  w  x  cos.  2Z,  we  get  the  radius  vector  =  1  4-  ^^  a?*  +  a; 
X  cos.  Z— ^  a?*  X  COS.  2Z. 


On  the  Effect  of  increasing  or  diininishing  hy  a  very  small  Quaniilyj  the  Force  or 

Velocity  of  a  Body  moving  in  an  Ellipse  about  the  Focus. 

FIG.  ^'^*'  ^^  APM  be  an  ellipse  described  by  a  body  P  revolving  about  tlie 
199.  focus  S ;  /f  the  other  focus;  and  conceive  the  force  at  P  to  be  augmented  by 
a  very  small  quantity,  in  the  ratio  of  1  :  1  -fr,  and  let  it  still  continue  to  vary 
inversely  ^  the  square  of  the  distance ;  to  find  the  new  ellipse  which  it  de- 
scribes, and  its  ms^or  axis  ;  the  excentricity  of  the  ellipse  being  supposed  to  be 
very  small.  Let  PE^  Pe  be  the  spaces  through  whicli  a  body  must  fall  with 
the  forces  1  +r  and  1  at  P,  to  acquire  the  velocity  at  P;  then  PE  :  Pe::l  : 
1  +r,  therefore  PE  :  Ee::  I  :  r^  and  Ee  =  r  x  PE.  Now  let  P£y  PI  be  the 
spaces  fallen  through  to  acquire  the  velocity  at  P  in  these  respective  cases;  then 
(^conies)  SP^z:iSExSL  =  Sex  SI;  hence,  ^'jB  :  Se  ::  iil  :  SL,  and  SE  :  Ee, 

or  rxPE,  ::  SI,  or  6X  nearly,    :   X/=^  ^  PExSL      ^^^  ^ggg^  ^p  ^ 

SE 


c 


a 


l-tO*  1      C.r.  SI 


■w  X  COS.  z         1  —  a'  X  COS.  z  SL 


,    and  SR  -  %r-=  i  SF* ;  therefore  PE  = 
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^i>«S£=:5P-i  SP\'    hence,  Ll^^  --2;-  ^^^  ^^^  ^-^^^1^  x  r-2r  =^(by 

dividing  and  neglecting  the  powers  of  w  above  the  first)  2r — 4ni'  x  cos*  jb>  tbe 
variation  of  the  mejor  axis.  Now  in  a  whole  revolution,  4ra'  x  cos.  z  is  de- 
stroyed by  the  opposition  of  its  signs;  hence,  the  major  axis  is  diminiBhad  by 
2r  ;  therefore  the  semi-major  axis  =  i  —  r,  or  the  semi-major  axis  is  diminished 
in  the  ratio  of  1  :  1  —  r.  If  the  same  force  be  subtracted  instead  of  added,  the 
semi-major  axis  will  be  increased  in  the  ratio  of  1  :  .1  +  r.  If  the  ellipse  become 
a  circle,  its  radius  must  vary  in  the  same  ratio,  by  the  addition  or  subtraction 
of  this  small  new  force.  Now  if  this  new  force  r  be  constant,  instead  of  vary- 
ing  inversely  as  the  square  of  the  distance,  and  be  supposed  to  be  very  small, 
and  the  orbit  nearly  a  circle,  the  whble  force  will  still  vaiy  nearly  in  the  inverse 
square  of  the  distance*,  and  therefore!  P  will  still  describe  an  ellipse  very  nearly, 
the  variation  of  whose  major  axis  will  be  very  nearly  the  same. 


^l 


875.  Asris  very  small,  tlie  periodic  time  will   (,818)    vary  as  1  :  \-'^  T Ij 

=  1  q:  2  r  very   nearly.     But  the  mean  motion   is  inversely  as  the  periodic 
tirtie;  hence,  when  the  force  varies  in  the  ratio  of  1  :  1  ±r,  tJie  mean  motion 

varies  as  1  : ,   or  as  1  :  1  ±2r     and*  the  first  mean  motion  :  the  difier- 

1^2r 

ence  of  the  mean  motions : :  I  :  ±  2r. 

876.  If  by  the  continual  addition  of  some  small  new  force  which  varies  in- 
versely as  the  square  of  the  distance,  the  ellipse  continually  changes  its  figure 
into  a  new  ellipse,  but  that,  upon  account  of  the  small  variation  of  the  ellipse, 
the  computation  of  the  variation  of  the  transverse  axis  may  be  considered  as 
made  for  the  same  ellipse,  then,  if  r  represent  the  sum  of  all  the  forces  added 
in  a  whole  revolution,  after  a  whole  revolution  Zr/=2r,  in  an  orbit  nearly  circu- 
lar; hence,  the  semi-axis  major  =  1  —  rvery  nearly.  If  the  forces  be  subtracted, 
the  major  axis  =  l  -f-r.  If  the  orbit  be  a  circle,  the  radius  bf  the  circle  will  be 
increased  or  diminished  in  the  ratio  of  1  :  1  4=  r. 

877.  If  by  the  addition  or  subtraction  of  this  new  force,  the  axis  major  be 
diminished  or  increased  by  i/,  and  we  take  Pi;=P/,  v  will  be  the  focus  of  the 
new  ellipse ;  if  the  force  be  increased,  then  Pv  is  less  than  PH^  and  the  ap- 
sides are  progressive  in  the  descent  of  the  body  from  the  higher  to  the  lower 

*  Thai  this  is  true;  appears  from  henoe.    Let  x  and  r  be  very  small  > hen  compared  with  unity  . 

then  I        T  =1  —  2x  very  nearly;  add  r  to  each,    and  -_,.   ,  .  .  +  r  =  1  — 2x  +  r:=  ^ 

r+x  n^^  l-'ir+x* 

Tery  nearly.     The  same  is  true,  if  r  be  subtracted.     Hence,  with  the  force         -.    ±  r,  a  body  will 

1+x 

describe  an  elUpse  very  nearly.  fi 
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apside ;  but  from  the  lower  to  the  higher  apside,  they  will  be  as  much  regres- 
sive. If  the  force  be  diminished,  the  contrary  takes  place.  Hence,  in  a  whole 
revolution,  the  addition,  or  subtraction  of  any  new  force  which  varies  inversely 
as  SP*j  will  cause  no  motion  of  the  apsides.  Tlie  progress  or  regress  of  the 
apsides  therefore  depend  upon  the  increment  or  decrement  of  the  force  being 
in  a  greater  or  less  ratio  than  the  inverse  square  of  the  distance. 

878.  With  the  center  S  describe  the  circular  arc  tr,  and  ^  rH  will  be  the 
variation  of  the  excentricity.     Now  ^  rH:iz  ^  vH  x  cos.  z  nearly  =  (874)  r  x  cos. 

z  —  2rw  X  COS.  z*=rx  cos.  z  +  rwx  cos.  2z  —  rw,  and  of  these  three  quantities, 
the  two  first  will  be  destroyed  in  a  whole  revolution  by  the  opposition  of  their 
signs,  and  the  third  is  constant.  If  therefore  r  denote  the  sum  of  all  the  forces 
added,  the  variation  of  excentricity  in  a  whole  revolutions  —  nx*.  And  if  r 
and  w  be  very  small,  the  variation  of  excentricity  becomes  extremely  small ; 
hence,  the  variation  of  the  excentricity  principally  depends  upon  the  increment 
or  decrement  of  the  force  being  in  a  greater  or  less  ratio  tlian  the  inverse 
square  of  the  distance. 

879.  If  the  gravity  remain  the  same,  and  the  velocity  be  increased  in  the 

ratio  of  1  :  1  -i-t?,  V  being  veiy  small,  then  PE  :  Pe\\l  :  1  +1^*::  1  :  1  4-2v, 
therefore  PE  :  Ee::l  :  2v  ;  hence,  X/=z4r— 4t'w?x  cos.  z.  The  major  axis  is 
therefore  increased  in  the  ratio  of  1  :  1  +  2v;  hence,  the  periodic  time  is  in- 
creased in  the  ratio  of  1  :  1  +  3r.  If  the  velocity  be  diminished  in  the  ratio  of 
1  :  1  —V,  then  the  major  axis  will  be  diminished  in  the  ratio  of  1  ;  1  —  2t;/  and 
the  periodic  time  in  the  ratio  of  1  :  1  —  Sv.  And  in  respect  to  the  motion  of 
FIG.  the  apsides,  whilst  P  moves  from  the  higher  to  the  lower  apside,  or  through 
200.  MCA;  if  the  velocity  be  increased  or  diminished,  the  distance  Pw,  Ps  from 
the  other  focus  will  be  increased  or  diminished,  and  the  apsides  will  move 
backwards  or  forwards  to  tw  or  n  ;  but  in  the  ascent  from  the  lower  apside  A 
to  the  higher  J/,  if  the  velocity  be  increased  or  diminished,  then  the  distance 
Pv,  Py  from  the  other  focus  will  be  increased  or  diminished,  and  the  apsides 
will  move  forwards  or  backwards. 


FIG. 

196. 


On  the  Alteration  of  the  Figure  of  the  Moon^s  Orhit^  supposed  to  have  no  Exceiu 

tricity  ;  and  the  Variation  of  the  Moon. 

880.  The  velocity  in  quadratures  :  velocity  in  syzygies  : :    ^     :  -Ji-  + 


ImxdxME*  (867)  ::  l  :  l+l  x -^x  e/ nearly  ::  (as  w= 0,00557959,   w  = 

u 

0,9986095,  ^?=:  1,080853)  1:1+  rr^rg;  hence,   if  we  assume  the  mean  velo- 
city =11039,  the  velocity  in  quadratures  =10989,  and  in  syzygies  =  1 1089* 
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Also,  from  quadratures  to  syzygies,  the  increment  of  the  velocity,  and  conse- 
quently of  the  area,  in  a  circular  orbit,  varies  as  5*. 

881.  Let  ABDC  be  an  ellipse,  whose  major  axis  CB  is  very  nearly  equal  to,  fig. 
its  minor  axis  AD^  E  its  center;  draw  any  diameter  METj  and  QEK  its  201. 
conjugate  diameter,  on  which  let  &\\  a  perpendicular  MOj  and  draw  MH  per- 

EC* 
pendicular'  to  CB.     Now  by  the  property  of  the  ellipse,  HE*  =  — — ^  x 

EA 


HM* 


EA*-MH%-  hence,  ME*  (=HE*+MH*)-EQ-EC*-EA*x-~f=(2i&  the 

eUipse  is  very  nearly  a  circle)  EC*  -  EC*  -  EA*  x  -^jp  nearly,  and  by  taking 

HAr 


the  square  root,  ME-EC--EC--EAx'jrjp  nevLTly,=zEC^  EC'-^EA  x 


sin.  CEAV  neariy ;  hence,  in  going  from  C  to  A,  the  diminution  of  EM  is  in 
proportion  to  the  square  of  the  sine  of  the  angle  CEM. 

882.  If  the  mean  distance  be  represented  by  unity,  and  e  be  the  difference 
between  the  mean  and  the  greatest  or  least  distances  j  then  ECzn  EA  +  2  e,  and 
EM-EA^2  e-2^xsin.  Ci;7li*=:(as  EA-^ezzl,  and  sin.  CAVIi*  =  ^-^  cos. 
2  CEM)  l+ex  COS.  2CEM=  I -ex  cos.  2AEM. 

883.  If  we  suppose  the  moon's  orbit  at  first  to  have  been  a  circle,  the  dis- 
turbing forces  will  make  the  orbit  an  oval  (849),  whose  major  axis  CB  lie  in 
quadratures,  and  the  minor  axis  AD  in  syzygies  j  and  as  the  minor  axis  DEA 
is  always  directed  to  the  sun,  whilst  the  earth  E  revolves  about  the  sun,  we 
must  conceive  this  oval  figure  to  revolve  in  a  moveable  plane  about  jE,  so  as  to 
keep  DEA  always  directed  to  the  sun.  This  oval  is  very  nearly  an  eUipse.  For 
take  a  very  small  arc  Mm^  draw  the  ordinate  mr^  and  mt  perpendicular  to  AIE. 

Now  if  t;  be  the  absolute  velocity  of  M^  then  (867)  t^*  =    7^  jf  ,^  -^-Smxdx  ME* 

X  s*  ;  but  the  absolute  velocity  of  M  :  its  velocity  in  respect  to  the  revolving 
plane ::d  :  l  ;  therefore  in  respect  to  the  revolving  plane,  we  have  the  square  of 

the  velocity  =  4-  x  ^"|?  +  3mxdx  ME"  xs^  =  Mm\     Also,  the  force  ( 865 ) 

at  Jf  =  —j—^fn  X  ME'-Sm  x  ME  x  5*  =  2 J/r,  the  force  being  represented  by 

the  space  through  which  the  body  is  drawn  by  that  force,  or  by  twice  the  sa- 
gitta  (808).     But  by  similar  triangles,  wir*  :  mC  ::  ME*  :  MO* ;   hence, 

— — ; — z=mt*siMm^  very  nearly,  as  the  orbit  is  nearly  a  circle ;  also,  by 

the  property  of  the  ellipse,  MO  =  ^^J^S-*  and  Mr  =  -J^lj^J^^ ,-  hence, 

EK       ...._•„    ._       2JHjb  X  EJx 


•  -"■••  *• 
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J^^ =_±^fl^^ = ^EM^  very  tiearly.    Let  £ J/=ar,  £C=  1  +  e,  £^  =  1  - r^ 

and  neglecting  those  terms  where  all  the  powers  of  e  above  the  first  enter,  and 
substituting  for  Air  and  Mm*  their  before^mentioned  values,  we  get  from  the 

last  equation,  x^=d*  x  ^ Jt^iflu?^*  =  _£_  x  1  +  w*'-  SntrVx4  +     ^ 


and  putting  - — -_  =:  /%  we  get  x'  =  /*  +  m/^  x  1  -  35*  x  1  +        ,    ,    and  taking 
tbe  cube  root,  we  get  a?=/  +{wif  x  1  —  35*  x  1  -f- ,  _  j.    =  (as  ^  =  /  nearly;*  + 


3W/  —mt  X  5*  x  1  +    ^  ,     ;  hence  it  appears,  that  the  diminution  of  EM  (from 

the  force  and  velocity)  is  very  nearly  in  proportion  to  the  square  of  the  sine 
of  CEM9  consequently  (881 )  the  point  M  describes  very  nearly  an  ellipse  upon 

the  moveable  plane,  the  major  axis  of  which  :  the  difference  of  the  axes ::  r  +^ 


!'■■». 


8  •     j^f» 

vit'  :  mr  X  1+ i-  ::  (as  771= 0,0055796,  rf=  1,080853)   71,6  :  1  ;  hence, 

1  —  iiVl 

■*m 

the  ratio  of  the  diameters  is  as  71,6  :  70,6,  but  as  we  have  here  neglected  small 
quantities,  this  ratio  is  not  so  correct  as  that  which  we  shall  now  proceed  to  dc- 
teraiine. 

1  ^^  ^  T.    .        1 


884,  By  Art.  865-  the  force  at  J  :  the  force  at  C::  -JL. -.2m  x  AE  : 


AE^  CK"" 

m  X  CE  ;  also,  (880)  from  the  acceleration  of  velocity  by  the  ablatitious  force, 
the  velocity  at  A  :  velocity  at  C::  1,0090588  (i^)  :  1 ;  but  independent  of  this 
acceleration,  the  velocity  at  ^/  :  the  velocity  at  0::CE  :  /iE  (806) ;  hence,  the 
velocity  at  A  :  velocity  at  C  : :  v  x  CE  :  AE.  Now  the  increment  of  the 
arc  described  in  a  given  time  is  as  the  velocity,  and  the  sagitta  is  as  the  force  ; 
also  the  curvature  is  as  the  sagitta  directly  and  the  siiquare  of  the  arc  inversely  ; 

-jj-^-^mxAE     —^^mxCE 

hence,  the  curvature  at  A  :  curvature  at  C::— — » — j^-r^- : — 

1    .  f  xCjL*  AE'^ 

::l^2mxAE^:v^  +  'v*mxCE\ 

FIG.         885.  When  the  moon  is  in  quadratures  at  C  with  the  sun,  Sy  it  will  describe 

202.    above  90^  before  it  come?  into  conjunction,  owing  to  the  motion  SiS^  of  the  sun 

in  the  same  time.  Now  for  the  mean  motions,  the  angle  CEA  :  CEa::^7d.  7h. 

43'  :  29d.  12A.  44',  or  as  the  periodic  :  the  synodic  revolution  of  the  moon, 

which  put  as  1  :  rf,  and  take  Ea  =  EA^  and  a  is  the  place  of  the  moon  at  the 

next  conjunction,  and  the  curve  described  by  the  moon  will  be  found,  by  taking 

EmzzEMy  and  the  angle  CEm  :  CEMw  d  :  \.    To  find  the  curvature  of  the 
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orbit  Ca  at  Cand  a^  with  the  center  E  describe  the  circle  Cw,  draw  the  tangent     fig.. 
Ok,  and  Ervty  and  take  EsizEtj  and  the  angle  CEs  •  CEr  ::d  :  1 ,  and  produce      203- 
Es  to  y,  and  consider  the  angles  CEi/y  CEt  in  their  evanescent  state ;  now  as 
EtzslESj  and  Ev:^Ez^  therefore  rvzzsz  ;  and  as  the  sagitta  represents  the 
curvature  when  the  tangent  is  the  same,  we  have  at  the  point 'C\  curv.  of  Cr  : 
curv.  of  OiT: :  tr  :  to,  and  curv.  of  Cs  :  curv.  ofCv::ys  :  i/z ;  hence, 

Curv.  of  Cr  — curv.  of  Cto  :  curv.  ofCv::  rv  or  zs  :  vt 
Curv.  of  C^  :  curv.  of  Cs— curv.  of  Cv ::  zj/  :  zs 

/.  curv.  of  Cr  —  curv.  ofOv  :  curv.  of  Cs— curv.  of  Ov::zj/  :  vt::  cz^  :  cv" : :  rf*  :  l. 

Now  the  curvature  being  inversely  as  the  radius  of  curvature,  the  curvature  of 
Cu  may  be  presented  by— ?n:o  and  then  (by  the  property  of  the  ellipse)  the 

curvature  of   Cr=--^^;  hence, -—^—-—,  :  curv.  of  Gi-  7—-  ::  rf*    :    1; 
consequently  the  curvature  of  Ca  at  Czz   .^      — — rv^  putting  r=rf*  — 1,    For 

d  AjL    X  \y£j  \  J 

the  same  reason,  the  curvature   of  Ca  at  a  =    ,^  —^ — :^       Hence^    the 

dCExAE 

A P*  4-  rCP^ 

curvature  in  conjunction  :  the  curvature  in  quadratures  ::-  ^^-7  : 

d  CE    X  AE 

^r, X     f:.^  ••  AE'-^rCE  :  CE'+rAEy  assuming  AExCE^l,  because  the 
d  AE*^  X  CE  ^ 

mean  distance  is  unity,  and  the  orbit  is  very  nearly  a  circle.  Hence,  from  this 
and  the  last  Article,  we  have,  1  —  2m  x  AE'^  :  v^  +  v^m  x  CE^ : :  AE^  +  rx  CE  : 
CEK  +  rxAE.  Put  1  +cr=C£  and  \—xzzAEj  and  substituting  for  CE  and 
AEi  hese  values,  and  neglecting  all  the  powers  of  a:  above  the  first,  on  account 
of  the  smallness  of  j:*,  and  multiplying  extremes  and  means,  we  shall  get  a  sim- 
ple equation,  firom  which  .r  =  ,007 1 6 ;  hence  CE  =  1 ,007  i  6  and  CA  =  ,99284, 
consequently  CE  :  AE.\  1,00716  :  ,99284  ::  70  :  69  in  whole  numbers. 
This  therefore  is  the  variation  of  the  form  of  the  orbit  arising  from  the  force 
of  the  sun,  supposing  that  the  orbit  would  have  been  a  circle  without  that  dis- 
turbing force.  And  as  the  orbit  of  the  moon  is  an  ellipse  having  the  earth  in 
its  focus,  and  this  ellipse  is  nearly  a  circle,  the  same  cause  must  produce  very 
nearly  the  same  effect  in  the  moon*s  orbit.  Dr.  Halley  first  took  notice  of 
this  contraction  of  the  lunar  orbit  in  syzygies,  from  the  phenomena  of  the 
moon's  motion,  and  made  the  ratio  of  the  diameters  as  44,5  :  45,5,  from  obser- 
vation. See  his  remarks  upon  the  lunar  Tlicory,  at  the  end  of  his  catalogue  of  pj^. 
the  southern  stars.     Hence  (882),  EM-l-^ih  x  cos.  2AEM.  20U 

£83^  From  the  alteration  of  the  form  of  the  orbit,  as  explained  in  the  last 
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Article,  and  from  the  acceleration  of  the  areas  (880),  there  will  arise  two  cor- 
rections to  be  applied  to  tlie  mean  motion  of  the  moon,  in  order  to  give  the 
true  motion ;  the  joint  effect  of  these  two,  constitute  an  equation  called  the  Va- 
riation.    We  shall  consider  each  separately,  beginning  with  that  arising  from 
the  figure  of  the  orbit.     Let  CA  be  the  quadrant  of  a  circle  which  the  moon 
FIG,     ^^'c>uld  have  described  from  quadratures  to  syzygies  without  any  disturbing  force; 
204.     t^kc  Ea  :  EAw  69  :  70,  and  describe  the  ellipse  aC ;  draw  MmK  perpendicu- 
lar to  EC\  and  join  JEAf,  Em.     Then  the  moon  in  the  quadrant  CA  revolving 
uniformly,  the  angle  CEM  will  represent  the  mean  motion ;  but  its  true  place 
will  be  in  the  ellipse  at  wi  /  for  not  here  considering  the  acceleration  of  the  areaSy 
the  true  and  mean  place  must  be  both  in  the  same  perpendicular  to  EC  ;  for 
tlic  area  CEA  :  area  CEa  : :  area  CEM  :  area  CEnij  and  as  CEA^  CEa  are 
supposed  to  be  described  in  the  same  time,  and  the  areas  are  (805)  proporti- 
onal to  the  times,    therefore  CEMj  CEm  are  described  in  the  same   time. 
Hence,  the  angle  MEm  (being  the  difference  of  the  two  angles  described  by 
the  true  and  mean  motion  of  the  moon  about  E)  is  the  correction  from  this 
cause. 

887^  Now  to  consider  the  effect  from  the  acceleration  of  the  areas,  it  appears 
by  Art.  880,  that  if  the  mean  area,  or  the  area  described  in  the  octants,  be  11039> 
the  areas  at  a  and  C  will  be  1 1089  and  10989  in  the  same  time.  Take  tlierefore 
Ea  :  Ea : :  ^11089  :  v/1098y,  or  as  1 1039  :  10989,  or  as  69  :  68,6875,  and  de- 
scribe the  ellipse  anCj  and  draw  £wr,  and  r  will  be  the  true  place  of  the  moon 
corresponding  to  the  mean  place  M.  For  as  the  area  LEm  :  CEn  in  the  constant 

ratio  of  mK  :  nK^  CEm  :  CEn  in  a  given  ratio ;  but  CEm  is  constant,  therefore 

CEn  is  constant.  Now  CEr  :  CEn : :  JEr*  :  jBw%  therefore  CEr  -  CEn  :  CEn : :  JBr* 
—  En*  :  En^  ::  2En  x  wr  :  En*  very  nearly,  ::  2nr  :  En  ;  and  considering  En 
as  constant  on  account  of  its  very  small  variation,  the  second  and  fourth  terms 

being  constant,  C£r— C^w  varies  as  2wr,  or  as  wr.      But  at  C,  CEn zz CEr; 

put  therefore  the  fluxion  of  CE7i=:Vy  and  CEr  —  v  varies  as  nr.  Now  nr  :  mn 
:  :  nK  :  nE^  or  aE  nearly,   and  mn  :  aa ::  nK  :  aEj  hence,  nr  :  aa::  nK*  ;  aE*^ 

consequently  w^*  varies  as  wr,  or  as  CEr^v;  hence,  the  increment  of  the 
area  CEr  at  r  above  the  increment  at  C,  increases  as  nK^j  or  very  nearly  as  the 
square  of  the  sine  of  the  angle  rECj  and  therefore  (880)  it  increases  as  the  areas 
described  by  the  moon  from  quadratures  to  syzygies  increase.  Now  bringing 
mjiK  to  beWy  and  r  to  5,  indefinitely  near  to  C,   the  area  CEs  :  CEb : :  "we  :  wb 

::  E^  :  Ea:: ^10989  :  ^11089::  10989  :  11039:: (880)  the  area  described 
by  the  moon  at  C  :  the  mean  area  described  by  the  moon.  As  therefore  the 
area  CEs  described  by  the  moon  at  C  has  its  proper  ratio  to  the  mean  area  CEb 
that  would  have  been  described  in  the  same  time,  and  it  increases  in  its  pro- 
per ratio,  at  any  point  r  the  moon  has  its  true  position  in  respect  to  the4)lace  m 
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ti'here  it  would  have  been  if  there  had  been  no  acceleration  of  areas,. and  m  is 
the  place,  if  there  had  been  no  acceleration  of  areas,  corresponding  to  the  mean 
place  M;  therefore  the  angle  MEnis  the  whole  equation,  or  the  Variation. 

888.  If  we  consider  EK  as  radius,  Kn,  KM  will  be  the  tangents  of  the  true 
and  mean  motions,  and  the  difference  of  the  two  angles  will  be  grieatest  in  the 
octants*  ;  therefore  if  the  angle  A/C£  =  45^  MK  :  Kn  ( ::  70  :  68,6875) ::  tan. 
45°  :  tan.  44^  27'.  28";  consequently  the  greatest  variation  is  32'.  32".  This 
would  be  the  case  if  the  moon  described  90°  from  quadratures  to  syzygies ;  but 
as  it  describes  a  greater  angle  in  the  proportion  of  a  periodic  to  a  synodic  revo- 
lution, or  in  the  proportion  of  27rf.  7//.  43'  to  29d.  I2h.  44';  therefore  if  32'. 
32"  be  increased  in  this  proportion,  it  gives  35'.  10"  for  the  greatest  variation. 

But  nE  :  EK  ::  nm  :  mr  (nearly)  =  -! — xnm  ^^,|^j^|^  (because  nm  varies  as  nK) 

varies  as  EK  x  nK  very  nearly,  or  nearly  as  the  sine  of  2rEC,   or  sin.  2rEA 
twice  the  distance  of  the  moon  from  the  sun ;  hence,  the  variation  zz  35'.  10"  x 
sine  of  twice  the  distance  (2X)  of  the  sun  from  the  moon.     In  the  transit  of 
the  moon  from  quadratures  to  syzygies,   the  mean  place  M  is  before  the  true 
place  r,  and  from  syzygies  to  quadratures,  the  mean  place  is  behind  the  true. 

889.  This  is  the  variation  at  the  mean  distance  of  the  sun  from  the  earth  ; 
but  at  other  distances  it  (854)  varies  as  the  square  of  the  synodic t  time  of 
the  moon  directly  and  the  cube  of  the  distance  of  the  earth  from  the  sun  in- 
versely ;  let  therefore  d  :  1 : :  the  time  of  the  synodic  :  the  time  of  the  periodic 
revolution  of  the  moon  at  the  mean  distance  CS  (unity)  of  the  sun  from  the  earth,  na. 
and  let  SCs  be  the  angle  described  by  the  sun  in  the  time  rf—  1,  or  by  which  205. 
the  synodic  exceeds  the  periodic  revolution ;  and  let  TCt  be  the  angle  de- 
scribed by  the  sun  in  the  difference  of  those  times,  at  any  other  distance  CT  of 

the  sun  from  the  earth.  Now  if  cn  the  excentricity  of  the  earth's  orbit, 
Y  the  sun's  true  anomaly,  (868)  the  distance  of  the  sun  from  the  earth 
=  1  +c  X  COS.  Y ;  and  the  angular  motion  of  the  sun  in  the  same  time  varies 
(820)  inversely  as  the  square  of  the  distance,  and  the  angles  SCs,  TCt  described 
by  the  sun  may  be  considered  as  described  in  the  same  time,  the  difference 
being  only  the  angle  described  by  the  sun  in  die  difference  of  the  times  of  de- 
scribing these  angles  by  the  moon ;  hence, :  ,^  =  1  —  2c  x  cos.  Y 

l^     1  4- c  X  COS.  Y 

::d—l  :  the  time  of  describing  TCt—d-- 1  x  1  —  2c  x  cos.  V;  therefore  the 
difference  of  the  times  of  describing  SCs,  TCt,  is— rf—  1  x  2c  x  cos.  Y;  conse- 
quently the  time  of  a  synodic  revolution  of  the  moon  at  its  mean  distance  :  the 

*  This  is  not  accurately  true,  but  sufficiently  nearly  so  for  the  purpose  for  which  we  here  want  it. 

f  The  period  of  the  variation  being  a  synodic  revolution,  it  appears,  by  a  like  reasoning  as  in  Art. 
854.  that  the  error  will  be  in  proportion  to  the  square  of  the  synodic  time  of  a  revolutioi)  directly^ 
and  the  cube  of  the  distance  of  the  sun  inversely. 
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time  at  any  other  distance ::  1  :  l  —  2c  x  x  cos.  K=  1  —  ,1496  c  x  cos.  I"! 

d 

TT  ^i_  •  *•       1  «-#    ^.^     1 —.1496  c  X  cos.  J'        .         ,^         . 

Hence,  the  vanation  becomes  35^.   lux ■-— . —  xsin.  2X=35. 

1  +  c  X  cos.  Jr 

10" X  1  —  8,299  c  X  COS.  Kx  sin.  2X/  and  if  we  take  the  excentricity  of  the 
earth's  orbit  to  be  ,01681,  when  the  sun  is  in  its  apogee  the  variation  will  be 
33'.  13",  and  in  its  perigee,  it  becomes  37'.  T*  All  this  is  upon  supposition 
FIG.  that  the  moon's  orbit  has  no  excentricity,  and  that  the  ratio  of  CE  ;  aE  conti- 
^^*  nues  constant,  whereas  that  ratio  depends  (885)  upon  the  time  of  a  synodic 
revolution ;  the  orbit  also  has  an  excentricity ;  the  variation  therefore  will  dif. 
fer  a  little  from  what  is  here  determined.  Tycho  first  observed  this  irregular- 
ity of  the  moon. 

890.  The  annual  equation  of  the  synodic  revolution,  is  the  difference  of  the 
times  of  describing  SCSy  TCtj  or  — 0,1496  x  c  x  cos.  F,  the  mean  synodic  time 
being  unity.     When  cos.   K=l,  this  equation  becomes— 1  A.  46'.  51"  for  its 
maximum.     Hence,  the  equation  at  any  other  time  will  be— lA.  46'.  51" x 
COS.  V. 


To^nd  tJie  Equation  of  tJie  mean  Motion  qftiie  Moon,  arising  from  tlie  different 

Distances  qf  the  Earth  from  the  Sun. 

891.  As  the  earth  approaches  the  sun,  the  moon's  orbit  is  (851)  dilated, 
and  as  the  earth  recedes  from  the  sun,  the  orbit  is  contracted,  and  this  arises 
from  the  diminution  and  augmentation  of  the  disturbing  force  of  the  sun  upon 
PIG.  the  moon  in  the  direction  ME  ;  but  the  equal  description  of  areas  in  equal 
196.  times  will  not  (805)  be  affected  by  this  force ;  and  in  respect  to  the  accelera- 
tion and  retardation  of  velocity  from  the  ablatitious  force,  the  accelemtion  in 
one  quadrant  very  nearly  destroys  the  retardation  in  the  next ;  we  may  there- 
fore consider  the  mean  area  described  to  be  always  in  proportion  to  the  time. 
Now  at  tlie  mean  distance  unity  of  the  moon  from  the  earth,  the  natural  gra- 
vity of  the  moon  to  the  earth  being  unity,  the  mean  force  of  the  moon  to  the 
cartli  at  that  distance  of  the  moon  =  1  —  ^  w/  but  if  F=  the  true  anomaly  of  the 
sun,  and  the  disturbing  force  of  the  sun  at  the  mean  distance  unity  be  um'ty, 
the   disturbing  force  at  any  other  distance   1  +  c  x  cos.    Y  will  (SSS)  be 

— ^-rniz  1  —3c  X  cos.  K  very  nearly ;  therefore  the  mean  force  of  the 
cos.  1  ' 


1  +  c  X  cos 


moon  to  the  earth  at  that  distance  of  the  sun  =  1  —  ^twxI—  3cx  cos.  Y.  Hence, 

the  force  is  altered  in  the  ratio  ofl— ^w:  l—i^m-\-imcx  cos.  F,  or  as  1  :  i 

■f  ^  mc  X  COS.  Y  very  nearly  j  therefore  (874)  tlie  radius  of  the  moon's  orbit  is 

changed  in  the  ratio  of  1  :  1— i  ?7Kr  xcos.  F,  and  (875)  the  mean  motion  of 
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the  moon  at  tlie  mean  distance  of  the  earth  from  the  sun  :  the  mean  motion  at 

> 

the  distance  1  +  c  x  cos.  K  : :  1  :  1  +  Smc  x  cos.  V;  therefore  in  the  time  in 
which  the  sun  has  described  the  arc  K,  the  mean  motion  of  the  moon  :  the 
equation  of  the  mean  motion ::  fluent  of  Y  :  fluent  of  Smc  x  cos.  Y  xY::  Y  : 
Smc  X  sin.  Y;  but  in  the  time  in  which  the  sun-  describes  1%  the  mean  motion 
of  the  moon  is  ^^  *  x  Y;  hence,  -75^  x  Y  :  the  equation  of  the  mean  motion 
::Y:  Smc  x  sin.  Y;  therefore  the  annual  equation  of  the  mean  motion  is  -2^ 
X  Smc  X  sin.  Yzz  12'.  55"  x  sin.  Y. 

892.  As  sin.  Y  is  positive  from  aphelion  to  perihelion,  and  negative  from 
perihelion  to  aphelion,  the  annual  equation  is  to  be  added  to  the  mean  motion 
in  the  former  case,  and  subtracted  in  the  latter.  When  the  earth  is  in  the  pe- 
rihelion, the  orbit  of  the  moon  is  dilated,  and  jthe  moon  moves  slower;  when 
the  earth  is  in  the  aphelion,  the  orbit  of  the  moon  is  contracted,  and  the  moon 
moves  faster ;  and  the  annual  equation,  by  which  this  inequality  is  compen- 
sated, is  nothing  in  aphelion  and  perihelion,  and  at  the  mean  distance  of  the 
sun  it  is  12'.  55"  according  to  our  determination.  Sir  I.  Newton  makes  it  ll'» 
50";  according  to  Mayer  it  is  11'.  16";  M.  d'Alembert  makes  it  12'.  sT;  and 
Halley  makes  it  about  13';  according  to  M.  de  la  Lanoe,  it  is  11'.  8'',6.  This 
annual  equation  being  in  proportion  to  sin.  F,  is  in  proportion  to  the  equation 
of  the  sun's  center,  that  equation  being  in  proportion  to  the  same  quantity 
(870),  the  excentricity  of  the  earth's  orbit  being  very  small. 


To  Jind  the  Equation  arising  from  the  Inclination  of  the  Orbit  to  the  Ecliptic. 

893.  Let  CABD  be  the  plane  of  the  ecliptic,  NMn  the  plane  of  the  fig^ 
moon's  orbit,  Nn  the  line  of  the  nodes,  M  the  moon,  E  the  earth,  S  the  207. 
sun ;  draw  Ss,  Av,  perpendicular  to  the  plane  NMn^  also  Axv  perpendi- 
cular to  Nn^  and  MK  perpendicular  to  CB;  join  tw,  aSVT/,  and  draw 
svEj  sMj  and  on  EM  produced  let  fall  the  perpendicular  sL  Put 
a  =  SEy  s  =  the  sine  of  Awv  the  inclination  of  the  orbit,  and  let  us 
consider  the  mean  value  of  JI/jE=1,  vziAw  the  sine  of  SEN j  a:=:MKi  then, 

vA  =vsj   and  Ss=zavs;   hence,    Es*zza* —  d'v^^;  and  Es  =.  axl  —  ^  t^V/ 

also,  sM*-sE'-\^EM^'-2sE  x  MK  =  a*  -  aV^'  +  1*  -  2fltr  x  fTT^V^i  j 

hence,  SM"-  (^:=Ss'  +  sM*)  =a*  + 1*  -  200:'  x  1  -  t;VH,    therefore  SM^  = 

a*  +  l*-2^wx  l-i^V^i^^zia^-Sa^^x  1  -^  t;V  nearly,    consequently  VT75 

*  Because  the  mean  motion  of  the  sun  is  to  the  mean  motion  of  the  moon  as  160  :  2139  veiy 
nearly. 
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&r 


=  -j+-4-xl  — ^  v*s*  nearly.    Now  if  -tttij   jtt^  represent  the  attractions 

of  E  and  M  to  *?,  then  ES  :  Es : :  r~  :  ~W  the  attraction  of  E  in  the 

ES"    £S^ 

1         sJiT 
direction  Es,   and  ^SJ/:  5il/::— r-  :  Trrrr  the  attraction  of  M  in  the  di- 

rection    3/^;  hence,   ES  :  EI ::  jBJI/  (  =  1)  :  MK  ::  -^  :  ^^^^^  the 

attraction  of  E  in  the  direction  EMy  and  ^3/;  3//::i4(  :  M^  the  at- 

6J/'     SAP 

traction  of  J/ in  the  direction  EM;  hence,  the  difference  of  the  forces  of  M 

and  E  in  that  direction  is  JlIl^M^^^^;  but  MI-EI--  l-Esx  MK^  1: 

^AI^         ES^ 

1 


hence,  the  disturbing  force  in  the  direction  EM  is  Esx  MK-^l  x  cHiTi  — 
MKxEs  1     Sx  ,    ^^    £5x^_      1      3.r*     So^W    ,       i 

=  n*;  and  as  .t*=:  ^  — ^  cos.  2MEC^  for  a  whole  revolution  of  the  moon  we  may 

assume  iT*  =  :J^ ;  also,  r;*  =  ^  — J  cos.  2SEN;  hence,  in  any  given  position  of  the 

nodes  in  respect  to  the  sun,  the  mean  disturbing  force  is  ^  n*  — ^  nV  +  f  wV  x 

COS.  2SEN;  and  as  the  attraction  of  ^  to  £=z  1  h-^  72%  the  mean  force  of  M 

to  JS=  1  +i  w*-^  n*  +1  w*  ^*-f  71*  5*  X  cos.  2SEN=  1  +f  ti*  5*-f  72*  s^  x  cos. 

2SEN.     Hence,  the  mean  force  :  the  mean  force  in  different  situations  of  the 

sun  in  respect  to  the  node::  1  4-:|  tzV  :  1  +|  72V— f  7iV  x  cos.  2SEN::  1  :  l 

Sw*5* 

— r-rxcos.  2S'£A^=1— 4  TiVxcos.  2SEN  nearly:  therefore  C874)  tlie 

4  -f  3wV  ^  "^  ^        ^ 

mean  radius  of  the  orbit  will  be  increased  in  the  ratio  of  1  ;  1  +  f  tCs^  x  cos. 

2SEN;  and  (875)  the  mean  motion  is  diminished  in  the  ratio  of  1  :  1  — J  7iV 

X  COS.  2SEN;  consequently  the  mean  motion  of  the  moon  in  the  time  the  sun 

departed  from  the  node  through  the  angle  SEN  :  the  equation  of  the  mean 

motion  in  the  same  time ::  the  fluent  of  SEN,  or  SEN,  :  the  fluent  of  —5  tzV 

X  COS.  2SENxSEN,  or— ^  n*s*  x  sin.  2SEN.  Now  when  the  sun  leaves  the 
node,  it  comes  to  the  node  again  after  it  has  described  an  angle  of  about  341,3°; 
therefore  in  the  time  in  which  tlie  sun  has  departed  from  the  node  through 
angle  SEN,  its  motion  has  been  ^ir  x  SEN,  and  the  mean  motion  of  the 
moon  in  that  time  has  been  ^  x  ^^  x  SEN;  hence,  V^  x  ^4^  x  SEN  : 
the  equation  of  the  mean  motion ::  SEN  :  —  ;|  7iV  x  sin.  2SEN,  consequently 
the  equation  of  the  mean  motion  is  ^^  x  ^~  x  — f  n^s*  x  sin.  2SEN=^l'. 
28"  X  sin.  2SKN.  But  if  S  be  the  distance  of  the  moon  from  the  node,  and 
X  the  mean  distance  of  the  moon  from  the  sun,  then  2SEN=:2S—2X  very 
nearly  j  hence,  the  equation  is  —  l'.  28"  x  sin.  26'—  2X;  this  equation  is  there- 
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fore  to  be  subtracted  from  the  mean  motion  of  the  moon,  in  the  transit  of  the 
sun  from  the  nodes  to  quadratures  from  thence  j  and  added,  in  the  transit  from 
quadratures  to  the  nodes. 


To  find  the  Alteration  of  the  Periodic  Time  of  the  Moon^  by  the  disturbing 

Forces. 

894.  Let  the  mean  distance  of  the  moon  from  the  earth  be  unity,  wsthe 
velocity  of  projection  at  that  point,  and  1  ;  p  the  ratio  of  radius  to  the  circum- 
ference of  a  circle;  then  ^= the  periodic  time  of  a  body  revolving  in  a  circle 

at  that  distance,  and  (889)  ^  1=  the   synodic   revolution.      Now  (867)  t;=      fig. 

"  201, 

fi  _ 

jrp  +  ldmME^  x  sin.  MEC^"^  and  the  orbit  being  without  excentricity,  it  be- 
comes (883)  elliptical,  whose  minor  axis  lies  in  syzygies.  Let  z  represent  the 
fluxion  of  the  arc  of  the  angle  MEC  to  radius  imity,  then  ME  x  i  is  the 
fluxion  to  radius  ME^  and  the  corresponding  synodic  fluxion  is  rf  x  ME  x  z. 

Hence,  if  i  represent  the  corresponding  fluxion  of  the  time,  we  have  f = 

d  X  ME  X  z 


u 


»/"•» 


ME 


-k-  Id  X  m  \  ME*  X  sin.    MEC 

dxME^xz  ^_^^ME*  xi-i;  X    im   X    ME> 


u  +  id  X  m  X  ME'  x  sin.  MEC^^  w 

sin.  MEC*  X  i.     Put  ^  =  the  diflerence  between  the  mean  distance  (1)  and  the 

greatest  or  least  distance  ;  then  (882)  MEzz  1  +  e  x  cos.  2MEC ;  therefore 

ME^zz  1  +  2^  X  COS.  2MECy  and   ME^  =  1  +  5e  x  cos.  2MECy  very  nearly ; 

•    d       ■  ■      .  I  d 

by  substitution  therefore  we  get  tzz-  x  z-^-  2e  x  cos.  2jf£Cxi— -x  ^ 


15 


Im  X  sin.  AlEC^  xz^—emx  sin.  MEC*  x  cos.  2MECx  i;z=--x^  +  ^x2ex 

2  u  u 

cos.  23/JBCx2:--^  X i^x^-A^cos.  2M£Cxi--rX  — x^;wxcos.  2MECx 

U  ^  U         2 

7  /7  /7*  //* 

A-icos.  2MEC X i='  X  i  +  - X  2e X  cos.  2MEC xi-_x|wxi4--iX|m 

X  cos.  2 MEC  X  i,  neglecting  the  other  two  terms  on  account  of  their  small- 

//  //*  //  /I 

ness ;  hence,  ^=:-x5?-— xi7WxJ5  +  -x  e  +  -x8mx  sin.  2MEC :  therefore 

u  u  u  u 
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the  time  of  a  synodic  revolutions:  -xp'-^x^mp  ;  and  the  equation  6f  the 

ft  H. 

'     mean  time  is-xe  +  ^xgrnx  sin.  2MEC.     Hence,  the  time  of  2^  periodic 

revolution  is    —  x  z?  —  4  x  ~i  x  tw  x  p.     If  the  moon  describe  a  circle  witli 

u  u  ^    . 

the  mean  radius  ME  =  1 ,  the  periodic  time  is  the  same,  with  the  same  disturb- 
ing force,  as  appears  by  making  e=0.  Now  (818)  the  periodic  time  in  this 
circle  (there  being  no  disturbing  force)  z=  the  periodic  in  the  ellipse  which  the 
moon  would  describe  if  it  were  not  disturbed,  the.  radius  of  the  circle  being 
the  mean  distance  ;  and  this  ellipse  being  nearly  a  circle,  the  same  disturbing 
forces  must  produce  very  nearly  the  same  effect  in  each  case  ;  we  may  therefore 
consider  the  periodic  time  of  the  moon  to  be  the  same  as  that  which  we  have 
here  determined. 

895.  If  there  had  been  no  disturbing  force,  the  time  of  a  synodic  revolution 
would  have  been  —  xjp;  consequently  the  time  of  a  synodic  revolution  is  dimi- 

nished  by  the  quantity     mpx-^  in  consequence  of  the  disturbing  forces.   The 

u 


i  1 

time  of  a  periodic  revolution  is  diminished  by  the  quantity    mp  x  -j. 


On  the  Motion  of  the  Moon's  Apogee^  and  the  Variation  of  the  Excentricity  of 

* 

its  Orbit. 

896.  The  principle  upon  which  we  here  propose  to  find  the  motion  of  the 
apogee,  is,  to  find  in  what  time  the  whole  force  by  which  the  moon  is  urged 
towards  the  earth  will  draw  it  through  a  space  in  the  direction  of  the  radius 
vector,  equal  to  the  difference  between  the  greatest  and  least  distances,  the 
moon  setting  off  from  the  apogee ;  and  comparing  twice  that  time  with  the 
time  of  a  revolution. 

no.         897.  To  find  the  whole  force  with  which  the  moon  is  urged  towards  JE.   The 

^°®'     force  of  il/to£(864)==_L,--^7WxiSAf+|mxiS;Afxcos.  2MEC;  and  if 

^       ^     EM*     ^ 

N  be  the  higher  apside,  and  lie  in  octants,  the  force  in  that  point  =        -. 

-^m  X  JBZV^,  the  cos.  2MEC  being  then=0  j  and  if  this  force  at  N  :  the  cen- 

1                   Ejf^ 
trifugal  force ::c  :  1,  then  the  centrifugal  force  at  ^=: — TT^^^^ f 
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but*  tlie  centrifugal  force  varies  as  the  square  of  the  velocity  perpendicular  to  the 
radius  directly,  and  the  radius  inversely;  and  the  square  of  the  velocity  at  iV/=: 

yj-^  -^-imx  EM^^imx  EM*  x  cos.  2MEC  (866)  ;  also,  the  square  of  the 

velocity  at  N  in  the  octants  =  .-;^  + 1  rn  x  EN^;  hence,  the  centrifugal  force 

EN*" 

—  1^  m  X  at  j^  in  the  octants  :   the  centrifugal  force  at  M:: 


c  X  EN'' 


—^^^rnxEN:^^   +imxEM^imx  EM  x  cos.2MEC::l  :  ^^ 

EN^     ""  EM'  EM' 

— mJsij^    ^  ^^g^   i^j^f^Q  nearly,  therefore    the   centrifugal  force  at   Mzz 

EN         __— —     Stw  X  EN 

y:—77  xl-^imxEN'-^-T; 5- x  cos.  2MEC ;  hence,  the  whole  force 

c  X  EAP  ^  2c  xu 

of  the   moon  towards  JE= — ;r^— i  ^  x  EM  •\-  \m  x  EM  x  cos.  ^MEC-^ 

EM"" 

,     ^'^       ^  i^^'mxEN'      Smx^N  ^  ^^^  ^^^^ 
c  X  EM'  X  i-^^  mx£.jy    +    2c  xw* 

898.  Now  in  estimating  the  mean  motion  of  the  apsides,  all  the  terms  where 
cos.  2MEC  enters,  may  be  neglected,  for  the  following  reasons.  The  cos. 
2MEC=z  COS.  2CENxcos.  2MEN^sin.  2CENxsin.  2MEN ;  hence,  the 

force    ^  ^        '  X  COS.  2MEC  is  composed  of  two  parts,  the  first  of  which, 
2c  xw'  ^ 

i 

having  given  the  angle  CEN  the  distance  of  the  apogee  from  quadratures, 
varies  as  the  cos.  2MENj  which,  in  the  transit  of  the  moon  from  the  higher 
apside  to  its  octants  decreases,  and  therefore  makes  the  moon  recede  further 
from  the  focus  ;  and  thence  to  its  quadratures  it  increases  and  makes  the  moon 
approach  as  much  to  the  focus ;  and  four  times  in  every  revolution  this  access 
and  recess  will  destroy  each  other.  The  other  part,  which  is  as  sin.  2MENj 
increases  from  the  apogee  to  its  octants,  and  decreases  from  its  octants  to  its 
quadratures,  and  this  also  destroys  itself  four  times  in  a  revolution.  If  the  ex- 
centricity  be  w,  then  (868,  as  EM—  \-\-wx  cos.  MEN)  i  m  x  EM  x  cos. 

2MEC=i  m  X  1  -f  k;  X  cos.  MEN x  cos.  2MEC ;  of  which,  imx  cos.  2MEC 
is  destroyed,  as  before  shown ;  also  imxwx  cos.  MEN  x  cos.  2MEC  is  very 
small,  and  in  the  opposite  situation  of  the  apsides,  has  a  different  sign  ;  the 
access  and  recess  therefore  from  this  part  of  the  force,  will  destroy  each  other 
in  a  whole  revolution  of  the  apsides.     In  estimating  therefore  the  mean  motion 


xQ* 

*  For  in  Art.  906,  the  centrifugal  force  tvx  varies  as  -»-;  ,  and  as  the  time  is  g^ven,  x2  varies  as 

xS 
the  velocity  in  a  direction  perpendicular  to  the  radius. 
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of  the  apsides,  the  terms  in  the  force  where  cos.  2MEC  enters,  may  be  neg* 
lected ;  the  whole  force  therefore  in  the  direction  of  the  radius  may  be  here 

EAP    ^        .  ex  EAn  ^  2c  X  EM' 

899.  Let  V  be  the  velocity  of  the  moon  at  M  in  ihe  direction  ME^  ^=: 

EM;  then   by   the   principles  of  motion,  i;  t;=  —  -^^  +  i  fns.v   +  x 


^       m  X  El^^ 


V  t  11  ■ 

X  — ,   whose  fluent  corrected  is  h  t;*=  -.—--— ^—X  m  x  EN^^^^ 
JT^  '^  X    EN    * 


-.l-AmxAiV^  x-r r-jr: UTTJ  ort;*=— px 

2  2c  X  4*       2c  X  AA^  or 


.... 


EN^-x"- 


20.  X  1  -~  -i  «» X  AW'  X  j:'-^*~  \-imxEN'x  —^g—    But  if  we 

suppose  the  moon  to  be  projected  from  its  apogee  in  the  octants,  with  the  ve- 

locity  ^-J^  +  Jmxi;iV^%  and  force  of  gravity  ;^7^-  J^  x  EN,    and 

which  varies  from  that  point  in  the  inverse  duplicate  ratio  of  the  distance, 
then  if  a  represent  the  semi-axis  major  of  this  ellipse,  and  w  its  excentricity, 
we  have  (826)  c  :   l::a  :  «  —  w;    if  therefore  we  put  EN^a—z,  and 

X  25r* 

EN^-x^  -2ENxz^z^y  weget  2^x1 — —^zz2z — ff- ;  also,— i  wix 

®  EN      -      a  +  w  ^ 

EN^x^  -j-^r:  -  m  X  EN^  x  jk  +1  m  x  iJiV*  x  z*;  and  -  l-^wix£iV'x 

c X  EN  ^  ex  AiV  a       a  -f  w  fl  +  aw^ 

^mxEN'  X  x?-^^  ^  -g-^^^^-^^  X  JgJV^-    X  ;5S-    hence,    v^  =± 


X 

a;" 


^^^^"^^-^^'x;g~l— 2nixJE:iV*x;gV  and  if  1  -  27wx  £iV^=:(/%  and 
a  a  a 

"iv      mw  X  EN^ 

^ — =c,  we  have  v=z^x  ^2ez  —  z\ 

1^2mxEN'^  ^ 

a 

900.  The  body  beginning  to  descend  from  its  apogee,  when  it  comes  to  its 

perigee,  t; = 0,  therefore  z=z2e=: -— -  =z2w  +  Smw  :  hence,  twice  tlie 

^     ®  1 —  2ma  X  EN'' 

excentricity  of  the  ellipse  described  without  any  disturbing  force  :  the  whole 

approach  of  the  moon  to  the  earth  in  its  passage  from  its  apogee  to  its  perigee 

by  the  disturbing  forces : :  2w  :  Smw : :  1  :  i  m.     And  as  the  difference  between 

2€  and  2w  is  only  the  small  quantity  Smw,  the  mean  distance  of  the  moon  from 
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the  earth  'may  be  considered  very  nearly  equal  to  the  semi-axis  major  of  the 
ellipse  which  would  be  described  by  the  moon  projected  from  the  apogee  in  the 
octants,  by  a  force  varying  in  the  inverse  duplicate  ratio  of  the  distance. 

901.  IjQi  Ersz  EN  ^  En  J  ihen  Nrzz2e;  take  the  indefinitely  small  arc  Afm, 
and  with  the  center  E  describe  the  circular  arcs  Mt^  mSj  then  tszzihe  descent 
of  the  body  towards  E  in  the  time  of  describing  Mm;  on  Nr  describe  a  semi* 
circle  Ntwr;  put  Nt::iZj  tszzz^  ^=the  time  down  to,  and  draw  ft;,  sw  perpeup 

dicular  to  rN^  and  wt  to  tv.    Then  by  the  principles  of  motion,  /= 


sz 


d^2€Z  —  z* 

JEN^ey^z^   7=lxz   ^EN-e^vw^^^^^^^^_^,  .^  t^^^Enf  x 
d^2€Z'^z'^     dy/2ez--z'^         a  ed  d 

~H---,  and  when  J/ comes  to  w,  the  whole  time  of  descent  from  the  higher 

e      d  ^ 

to  the  lowe£  apside  becomes  — -Ilf  x  --~  =   (if  1    :   p  ::  radius  : 

w      nttoxEN* 

a  2a 

fl  +  a;— 


circumference)  ^  px  ^%  \     ^  ^p  x 


EN-e     .  {^2mxEN^ 


a 


*/T- 


2ot  xEN^ 
a 


^n  Til       I   ^   '  ;  and  if  the  mean  distance  be  unity,  then  EN  =  i  +  ^, 

±^^»nxEN' 
a 

and  e  being  very  small,  EN^  =  1  +  3e,  EN"-  =  1  +  2e  neariy ;  hence,  the  time 
from  the  higher  apside  till  the  return  to  the  same  apside  becomes 

px  1— 2mx  1^30  _px  1—2331^ 


J     T.UJlg-^g=3™i^— 


-  =  ±,r  ■      r      ;  and  the  orbit  being  nearly  circular,  a  is  nearly 


.1— 2?wx  1  H-2el  — 2m 

a  CL 

=  1 ;  hence,  the  time= — ,  ^     ,   very  nearly. 

v/l-2i» 

902.  By  Art  894.  the  moon's  periodic  time  is  S-^^in  x  ^  ;  hence,  the  mean 

11  u 

time  from  the  moon  leaving  its  apogee  till  it  returas  to  it  :  the  mean  periodic 
time  ::  - -^^s^^  .P^^x  ^ ; :     —Lurwr  :  ^^hmx  —   iJow  msz  J00SS*79ii 

and  uzz4y  1  —  i  »i=:,9986041  ;  hence,  the  abore  ratio  becomes  1  :  ,9916199; 
there&re  ,9916199  :  1 ::  S6(f  :  36S^  fiT.  32',a9l6 ;  consequently  the  motion  of 

VOL.  u.  H 
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the  apogee  in  one  mean  periodic  revolution  of  the  moon,  is  S^S*.  S2",S916;  hence^ 
Vid.  Ih.  4S'  :  sesd.  6k.  9"::  a^.  9l.  S'STfiQlB  :  4ff.  AlCf.  90*  the  mean  progressive 
motion  of  the  apc^ee  in  a  year.  According  to  Mater's  Tables,  it  is  4gf.  41'. 
SS^  If  the  force  perpendicular  to  the  radius  vector  be  neglected,  the  motion 
of  the  apsides  comes  out  one  half  of  what  is  here  determined,  and  this  we 
know  from  other  principles.  This  therefore  tends  to  confirm  the  l^ality  of  the 
method  here  employed. 

903.  If  for  u  we  put  y/l^\m  ;  we  have  the  mean  interval  of  time  between 

the  passages  of  the  moon  through  its  apogee  :  its  periodic  time  : :    ■   n 

1                          1      ..     1             1  1  , 

:  —  i m  X  ; — J—:. :  ^ — = j  i»  x  - — j—  nearly,  ::  1  +  w 

:  l^^m-^lmx  1  -f^m  nearly,::  1  +»i  :  1— j^nt;:  i^i^  :  i  ::  1  +  Im  :  1 

very  nearly.  Hence,  the  mean  motion  of  the  moon  :  the  mean' progressive 
motion  of  the  apsides ::  1  i\m.  But  this  is  the  mean  motion  of  the  moon,  and 
answers  to  the  mean  distance  of  the  earth  from  the  sun  ;  but  at  any  other  dis- 
tance 1  4-c  X  cos.  Fcrf'the  earth  from  the  sun,  the  disturbing  force  of  the  sun 
(891)  is  1  —Sc  X  COS.  Y ;  hence,  in  general,  the  mean  motion  of  the  moon  :  the 
mean  progressive  motion  (rf'the  apsides,  including  the  annual  variation,  ::  1  :  | 

X  M  X  1  — Sc  X  cos.  Y;  therefore  the  mean  progressive  motion  of  the  apsides  in  the 
time  the  sun  describes  the  angle  Y  :  equation  of  the  mean  motion  in  that  time 

::  fluant  of  K :  fluent  of— 3c  x  cos.  Fx  F::  F :  — 3c  x  sin.  F;  but  in  the  time 
the  sun  describes  the  angle  F,  the  mean  motion  of  the  apsides  is  * 

\  F;  hence«  40r.4l.  33  ^Y  lihe  equation  of  the  mean  motion::  F :  ^3c  x 

360 

^r/\0    ^"1*    <l<l' 

5in»  r,Acrcfore  the  onitiifl/ equation  of  the  apsides  =- 3c  X — L-^ —  xsin.  F 
r:  - 19\  35'  \  sin.  F.     Sir  I.  Newton  makes  it  19'.  43^ 

5MH.  B>Art-  864.  theforceofAf  to  i:=~~-iwxJ»fi5;  +  |w  x  ME  x 

C08k  iMKC  ;  and  at  the  higher  apside  Nj  it  becomes  -j^-i  ^  x  NE  +  T»t  x 

iVK  X  cos.  9NEC;  now  if  the  force  from  N  were  to  vary  inversely  as  the 

ji^unre  of  the  distance,  at  3/  it  would  become  — g; ^EfS^   ^ 

\  -.  *  cos*  iVfiC;  and  by  changing  the  angle  NECj  the  ellipse  is  continually 
ulT^MJ^T  ^^^  ^  ^^^  ^^^  *  ^^*  ^^  *^®  ^*^*  ^  ^^^  nearly  a  circle,  the  excen- 
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tricity  and  position  of  the  apsides  will  (877,  878)  not  sensibly  be  altered  in  a 
whole  revolution.     Hence,  the  motion  of  the  apsides,  and  the  variation  of  the 

excentricity,  depend  upon  — ^m  x  ME  x    1  — S.  cos.  2MEC  +'  '2ME'^ ^ 

1  —  3 .  COS.  2NEC\  which  is  the  difference  between  the  real  force  at  ilf,  and 
what  would  have  been  the  force  if  it  had  varied  inversely  as  the  square  of  the 
distance  from  N. 

905.  The  forces  —  ^  m  x  ME  -f  — W^»--  ^^^  the  same,  very  nearly,  in  every 

situation  of  the  apsides ;  also  the  force  im  x  ME  x  cos.  2MEC  (in  orbits 
nearly  circular)  nearly  destroys  itself  in  every  revolution,  by  the  opposition  of 
its  signs.  Hence,  the  variation  of  the  excentricity  and  the  inequality  of  the 
motion  of  the  apsides,  so  far  as  they  depend  upon  the  situation  of  the  apsides, 

arises  from  the  force ^^^x  -   x  cos.  2NEC^  which  varies  as  cos.  2NEC 

2  ME* 

nearly,  in  an  orbit  which  is  very  nearly  a  circle.     Hence,  the  whole  inequality 

of  the  motion  of  the  apsides  in  their  transit  from  quadratures  C  tx}  N  is  nearly 

in  proportion  to  the  fluent  of  cos.  2NEC  x  2NEC9  or  to  sin.  2NECj  or  sin. 
2NES  the  distance  of  the  apsides  from  syzygies.  By  observation,  this  greatest 
variation  of  the  true  from  the  mean  place  of  the  apside  is  about  12°.  18'; 
Kence,  this  equation  of  the  motion  of  the  apsides  =  12°.  18'  x  sin.  2NES 
nearly. 

906.  Let  the  absolute  gravity  in  the  higher  apside  N=:  —— - ,  and  let  it  vary 

from  that  point  in  the  inverse  duplicate  ratio  of  the  distance,  and  let  w  be  the 
excentricity  of  the  ellipse  so  described,  and  a  be  its  semi-axis  major ;  then 

(826)  the  centrifugal  force  at  il/=^Z:^  x  ^^5^-  Now  (905)  the  variation 
of  the  excentricity  depends  upon  the  force ^         x  cos.  2NEC.     Hence, 

\^  xzzME^  t;=:the  velocity  in  direction  of  the  radius,   then  t'o  =  — i-  + 


x—^x  COS.  2NEC  +  6x1 X  EN X  i,,  whose  correct  fluent  (if 


2            x^                                           ax 
zzzEN  —  x)isv'=z  -__  X  -^ sm  X  EN'  x  cos.  2NEC  x 


EM*  a  "'"'    "  """•  ""'  '^^  ^  EM    EN' 

now  the  last  term  is  equal -^i^^i^ri^'  x  cos.  2NEC  x  EM  —  ^Ml  —  _ 

^  EM  EN 


3mxEN'  22fECxz~-   ^*    •  hence  «'— _L_x   ^^^^ ~~ ^^*        <un 

X  EN^  X COS.  iNEC xz  +  9mx  EN* x  cos.  2NEC  x  z* ;)  but  the  body  de- 
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scending  from  the  higher  to  the  lower  apside,  this  velocity  at  the  lower 
apside  vanishes;   therefore  if  we  make  vsszO^  we  get  zs=z 

— —3m  xEN^x  COS.  2NEC 

^       ^ — - the  whole  space  through  which  the  body  has 

£^3m  X  JBAT*  X  COS.  ^NEC 

m 

descended  in  a  direction  of  the  radius  vector,  in  its  motion  from  the  higher  to 
the  lower  apside,  or  twice  th^  excentricity  of  the  orbit  described.  Now  (864)  the 

force  of  gravity  — _  in  the  higher  apside =~L^-|  m  x  EN+  imx  ENx  cos. 
2  NEC;  and  if  unity  represent  the  semi-axis  major  of  that  orbit  which  would  be 
described  by  the  mean  force  — — ^  -  j  m  x  EN  in  the  higher  apside,  and  that 

force  be  increased  in  the  ratio  o 


^         EN'     ^  •  AW*     2      -  ---    .  ^  -•  - 

ENx  cos.  2NEC,  or  as  1  :  1  +4  OT  X  EN^  x  cos.  2 NEC,  then  (874)  by  this  in- 
crease of  force,  the  semi-axis  major  is  diminished  in  the  ratio  of  1  :  1 — f  m  x 
EN^  X  COS.  2  NEC;  theretbre  w&ity  being  the  semi-axis  major  by  the  former 
force,  the  semi-axis  major  a  by  the  latter  force  =  1  —  I  wi  x  EN*  x  cos.  2NEC. 

But  b=  1-^m  X  JEiV^  +  Im  x  EN^  x  cos.  2NEC;  hence, ^  =  l -|  m  x  EN*  +  3m 

x  EN^  X  cos.  2NEC;  consequently  z=:2w— 

3m  X  EN'  X  cos.  2NEC  ^^, 

1  -i  »i  X  EN*  +  3mx  EN*  x  cos.  2NEC  -  3m  x  EN"^  x  cos.  2NEC 

SmxEN^xcos.2NEC  ^^^j      therefore  the  variation  of  the  excentricity  =  - 
l-^imxEN*  ^'  ^ 

3m  X  EN*  X  COS.  2NEC  i^^^rly.     Hence,  the  variation  is  nearly  in  proportion 

2— m  X  EN* 
to  the  cosine  of  twice  the  distance  of  the  apogee  from  quadratures,  or  twice  the 
distance  of  the  apogee  from  the  sun. 

907.  When  the  apsides  are  in  the  octants,  cos.  2iVJEC=zO,  and  the  excen- 
tricity is  there  the  mean.     When  the  apsides  are  in  syzygies,  cos.  2NEC:=,  — 

1,  and  the  variation  of  excentricity = ^ — --— .,  the  mean  excentricity  beinir 

'  ^     2^mx  EN* 

then  increased  by  this  quantity,  on  account  of  its  being  positive.     When  the 

3m  X  EN* 
apsides  are  in  quadratures,  cos.  2NEC—  1,  and  the  variations  — Wl^^ 

which  beii^  negative,  shows  that  the  mean  excentricity  is  there  diminished  by 
this  quantity.  Hence,  the  excentricity  is  increased  whilst  the  apsides  move 
from  quadratures  to  syzygies,  and  decreased  whilst  they  move  from  sy^^gies  to 
quadratures.  7 
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908.  As  m^Oj005S196^  and  EN^  IfiSSOB^  the  man  disunce  being  imhr, 
and  the  mean  excentridty = ,05505,  we  have    ^^^^^  =0fi0OS6  the  great- 

est  variation  of  the  excentncity  firom  the  mean  eccentricity.    By  obsenration 

itisO,0116& 

909.  Sir  I.  Newton  gives  the  fidlowing  construction  for  finding  the  excen- 
tridty of  the  orbit,  and  the  equation  of  the  apQgee.  Let  £  be  the  focus  of  the  tig. 
eUiptic  orbit  described  by  the  moon  M^  and  EKFI  the  mean  place  of  the 
apogee,  corrected  by  the  annual  equation  (90S);  EF=fi550S  the  mean  ex- 
centridty, £iC=,04S87  the  least  excentridty  of  the  moon's  orbit,  and  £7= 
,06671  the  greatest;  bisect  Klin  /*,  and  with  the  center  jF describe  the  drde 
IHK;  take  HFI  equal  to  twice  the  distance  of  the  true  place  of  the  sun,  from 
the  place  A  of  die  ap(^ee  corrected  by  the  annual  equation,  and  EH  will  be 
the  excentrid^  of  the  orbit,  and  HEF  the  equation  of  the  apogee,  nearly. 
Let  us  now  compare  this  construction  with  our  conclusions.  The  angle  HEG 
bang  small,  if  we  conader  JE JfiT  =  EG,  then  EH— £P=PG  =  cos.  IJF/=cos. 
twice  the  distance  of  the  apogee  once  equated,  firom  syzy^es,  to  radius  FI; 
but  (906)  the  variation  of  the  excentridty  varies  as  that  cosine  nearly,  there- 
fore if  the  cosine  expresses  neariy  the  value  in  one  case,  it  must  always  express 
it ;  now  when  H  comes  to  /,  FG  becomes  FI^  and  e^qireases  the  variation  in 
that  case,  by  construction;  hence,  FG  expresses,  in  general,  the  variadon, 
consequently  EH  will  be  the  excentridty.  Also  (if  we  conader  the  vaiiatioD 
of  EH  to  be  very  small)  HG  may  be  considered  as  measuring  the  angle  HEGj 
and  HG  is  the  ane  of  HFI  twice  the  distance  of  the  apogee  from  syzygies 
nearly,  and  (905)  the  equation  of  the  apogee  varies  as  that  quantity  ;  therefore 
if  HEG  express  the  true  variation  in  one  case,  it  must  in  all ;  now  when  G 
coincides  with  F^  GH=FD  (FD  bdng  perpendicular  to  Kr)^Ofil  168,  and 
the  angle  DEF=z\^.  is*  which  is  very  near  to  12*.  itf  the  greatest  equation ; 
hence,  the  angle  HEG  always  expresses  neariy  the  equation  of  the  apogee. 
If  X=the  mean  distance  of  the  moon  from  the  sun,  ras0/>l  168,  the  excentri. 
city = w  -I-  r  X  cos.  2Z—  2X  very  nearly. 

910.  Produce  EF  to  A  the  mean  apogee  of  the  orbit,  and  let  X  be  the  other 
focus,  join  MFj  3/Z,  MH^  and  on  MF  let  fill  the  perpendicular  //r;  draw 
Ew  parallel  to  LM^  and  ES  towards  the  sun«  Now  (22?)  2EMF  is  the  mean 
equation  of  the  center,  and  2EMH  is  the  equation  at  the  given  time ;  hence, 
2HMF  is  the  difference  of  the  two  equations,  or  the  EvecUon^  whose  sine  is 

-^,  or  nearly 5:  j^s-j^  x  an.  HFM,    Let  Z  =  the  angle  MLA  the 

mean  anomaly  of  the  moon,  X=:the  distance  of  the  mean  place  of  the  moon 
from  the  sun,  or  the  angle  ^iJw,  andx=£3f£=JlfAt;  then  Z—z^AEM 
the  trae  anomaly  of  the  meen,  and  X-xtzSEM;  and  as  the  moon  mores 
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Z^ —  X  sin.  2Z—  2X,  as  we  do  in  the  correction  of  the  third  term,  it  would 

TO 

produce  the  evection,  which  we  have  already  determined  (910).  Next,  in  the 
third  term  (I  w*  x  sin.  2Z),  for  w  put  w-^-rx  cos.  2Z  —  2X  (908),  and  for  sin. 
2Z  write  the  value  of  it  corrected  for  the  principal  equation  of  the  apogee, 

that  is,  sin.  (3-^-  —  x  sin.  aZ-3X)  =  sin.  3Z~—  x  sin.  2Z-9X  x  cos.  aZ 

nearly,  =  sin.  2Z+—  xsin.  2X-—  ><  gin.  4Z  —  2X,  and  we  get  these  new 

terms  I  n«;  x  sin.  2X— i  m;  x  sin.  4Z—  2X  +  I  ra;  x  sin.  2Z  x  cos.  2Z  — 2A 
nearly,  =:  (as  the  last  term = i  ni?  x  sin.  4Z— 2X  +  I  rzy  x  sin.  2jf )  irzo  x  sin. 
2X  The  preceding  correction  Z-\-S2,'.  2(f  x  sin.  Fof  Z  was  not  here  intro* 
duced,  on  account  of  the  smallness  of  the  equations  which  it  would  have  pro- 
duced.    Hence,  we  have  these  new  equations  j    —  32'.  SO"  w  x  sin.  Z+  1^+32'. 

30'  xa  X  sin.  Z^HPh-  irwx  sin.  2X=  -  l'.  47"  x  sin.  ZTFh-  l'.  47*  x  sin.  ZTY 
+  5'.  31" xsin.  2X 


7b  correct  the  Eqtiation  qftfie  Variation  of  the  Moon. 

914.  The  variation  of  the  moon  as  already  determined  (889)  is  35'.  I0"x 
1  -  3,299c  X  COS.  Y  X  sin.  2X=35'.  10"  x  sin.  2X —  3,299c  x  cos.    Y  x  sin.  2X 
Now  (870)  the  diAirence  of  the  true  and  mean  places  of  the  moon  is  —  2xv  x 
sin.  Z,  omitting  the  other  terms  of  the  series ;  but  this  is  without  considering 
the  annual  equation -i- 19'.  55'  x  sin.  F,  or  ,003758  x  sin.   F,  of  the  moon; 
hence,  the  diflference  becomes  —  2w  x  sin.  Z  +  ,003758  x  sin*  F  /  and  consider- 
ing Xas  the  mean  distance  of  the  moon  from  the  sun,  we  have  X  —  2^  x  sin. 
Z  -¥  ^003758  X  sin.  F  for  a  cor/ected  distance  of  the  sun  from  the  moon  ;  hence, 
sin.  2X  becomes  sin.  (2X— 4u;  x  sin.  Z  +  ,007516  x  sin.  F)  =  sin.  2X  —  4w  x 
sin.  Z  X  cos.  2X+  ,007516  x  sin.  F x  cos.  2X=sin.  2X- 2k?  x  sin.  2X^Z'\-2v: 
X  sin.  2X^Z 4- ,0OS15S  X  sin.  AXTF- ,003758  x  sin.  2X  -  F.     Hence,  the 

corrected  variation  of  the  moon  becomes  35'.  10*  x  (sin.  2X—  2tv  x  sin.  2X^Z 
+  2wx  sin.  2X^Z^  ,003758  x  sin.  2X-f  F-  ,003758  x  sin.  2X-^Y)  —  3,299 
X  35^.  icy  X  c  X  cos.  F  X  (sin.  2X —  2tc;  x  sin.  2X  +  Z  +  2w  x  sin.  2A'—  Z) 
nearly,  omitting  the  other  two  terms  on  account  of  their  smallness.  But  the 
last  term,  after  actually  multiplying  each  part  of  it  into  cos.  F,  may  be  further 
resolved  into  -  3,299  x  35'.  10"  x  c  x  (^  sin.  2X+T+  ^  sin.  2X— F— k?  x  sin. 
2X+Z-i-J^-r(?  X  sin.  2X4-Z-y+  w  x  sin.  2X-Z-fF4-wx  sin.  2X  -  Z-Y. 
Hence,  besides  the  equation  35*.  10*  x  2X,  we  get  the  following,  S5\  10"  x 
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(-2w  X  sin.  2X  +  Z+  2w  x  sin.  2X-Z+  ,003758  x  sin.  SfX  -f  F-  ,003758  x 
sin.  2X-F)- 3,299  x  35'.  10"  x  c  x  (^  sin.  2XTT  +  i  sin.  2X—  JT-tt?  x  sin. 
aXTzTF- w  X  sin.  2X+Z-r-fWx  sin.  2JC-Z+y  +  a;  x  sin.  2X--Z-r) 
=  -  3'.  52"  X  sin.  aXTZ+  3'.  52'  x  sin.  2X— Z  +  7',9  x  sin.  2XTF—  7';9  x 
sin.  2X— y—  58'',4  x  sin.  2X  4-  F—  58",4  x  sin,  2X—  F  4-  6'',4  x  sin. 
2X  +  Z  +  JK+  6",4  X  sin.  2;?  +  ^  — F—  6",4  x  sin.  2X—Z  +  F  —  6%4  x  sin. 
2Ji:— Z—  F  =  —  3'.  52"  x  sin.  2X+Z  +  3'.  52"  x  sin.  2X^Z  —  50\S  x  sin. 
2J:  h-  F—  1'.6",3  X  sin.   2X—Y-V  6",4  x  sin.  2X  +  Z  +  F  -h  6",4  x  sin. 

2ur+Z— F—  6",4  X  sin.  2X— Z+F—  6>  x  sin.  2A:  — Z—  F. 

915.  The  principal  part  of  the  variation  is  35'.  10"  x  sin.  2X  Now  let  2X 
(double  the  distance  of  the  moon  from  the  sun)  be  corrected,  by  taking  two 
terms  (870)  of  the  equation  of  the  center  of  the  moon,  that  is,  —  2w  x  sin.  Z 
H-ia;*xsin.  2Z,  and  then  2 A' becomes  2-X'— 4at?  x  sin.  Z  +  lw*  x  sin.  2Z; 
substitute  this  therefore  for  2X  into  35^.  10"  x  sin.  2Jf,  and  we  get  35'.  10"  x 
sin.  ( 2X''4i'w  x  sin.  Z  +  J  w*  x  sin.  2Z)  =  35'.  10"  x  (sin.  ^X—  4w  x  sin.  Z  x  cos. 
2X + i  w*  X  sin.  2Z  X  cos.  2X)  ;  and  the  two  &st  having  been  already  consider- 
ed, there  arises  a  new  equation  35'.  10"  x  I  zjp*  x  sin.  2Zxcos.  2^=35'.  10" 
X  I  w*  X  sin.  2Z  +  2X+  S5\  10"  x  ia;*  x  sin.  2Z-2j:=8"  x  sin.  2Z  +  2^+  S^x 
sin.  2Z  -  2X. 

916.  The  principal  part  of  the  variation  may  also  be  corrected,  if  X  be 
corrected  by  the  equation  of  the  evection,  or  if  for  X  we  substitute  JlT—  2r  x 
sin.  2X —  Z  (910),  in  which  case  we  get  35'.   10"  x  sin.  (2X — 4rxsin. 
2X— Z)  =  35'.  10"  X  sin.  2X  -  35'.   10"  x  4r  x  cos.  2X  x  sin.  2X^Zs  hence, 
there  arises  a  new  equation  —  35'.  10"  x  4r  x  cos.  2X  x  sin.  2JC'  — Z=  —  35'.  10" 

X  2r  X  sin.  4A:-Z  +  35'.  10"  x  2r  x  sin.  Z  zz  —  49",3  x  sin.  4Ar  -  Z  +  49",3  x 
sin.  Z. 

917.  The  variation  will  also  vary  in  proportion  to  the  disturbing  force  of  the 
sun.     Now  (893)  the  mean  disturbing  force  :  that  disturbing  force  which  arises 

from  the  different  situations  of  the  node  of  the  lunar  orbit : :  1 :  f  5*  xcos.  21S-2X; 
hence  there  arises  another  correction  of  the  variation  =35'.  10"  x  ?r  5*xsin.  2X  x 

cos.  25- 22"=  35'.  10"  X  3  5*  X  sin.  25+35'.   10"  x  3  5*  x  sin.   4j:-25=12",5  x 

Bin.  25- 12*,5  X  sin.  25 -4X 


To  correct  the  Equation  of  the  Evection  of  the  Moon. 

918.  The  evection  (9lO)  is— 2rxsin.  2X—Z,  and  r^HF,  which  (906) 
is  proportional  to  w,  or  to  the  disturbing  force  of  the  sun ;  therefore,  in 
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general,  the  evection  a — l  — Scxcos.  V  x  arxsin.  iX^Z;  there  arises 
therefore  a  new  equation  =  6cr  x  cos.  Y  x   sin.   2X — Z  =  scr  x  sin. 
2X—Z  +  r+  Scr  X  sin.  2A^— Z— F=  +  2f.  l"  x  sin.  2T^ZX+T  + 
2'.  r  X  sin.  2X— Z-— r. 
919.  On  account  of  the  various  situations  of  the  node,  the  disturbing  force 

(893)  varies  as  1  :  1  -f  f  ^*xcos.  25 — 2,X ;  hence,  the  evection  becomes — 


■r^Bssaar urn. 


1+l^xcos.  2A>  —  2X  X  2r  X  sin.   2X — Z;  there  arises  therefore  a  new 

equation  =  —  Srs^  x  cos.  25  -  2X x  sin.  2X— Z=  —  i r^*  x  sin.  2*5— Z—  i r^*x sin. 

4jr  — 25— Z= —  29'  X  sin.  25— Z—  29*  x  sin.  4J(r— 25— Z. 

920.  If  double  the  distance  of  the  moon  from  the  sun  (2X)  be  corrected  by 
the  annual  equation  (891),  it  becomes  2jr+  25^.  50' x  sin.  K,  and  if  the  mean 
motion  Zof  the  moon  from  the  apogee  be  corrected  by  the  same  equation  12'. 
55*  X  sin.  K,  and  by  the  annual  equation  — 19*.  35^  x  sin.  JT,  then  Z  becomes  Z 

+  32*.  30"  X  8in.K;  hence,  22r— Z  becomes  2X— Z  — 6'.  40*  x  sin.  K; 
therefore  the  evection  becomes  —  2r  x  sin.  (2X — Z —  tf.  40^"  x  sin.  I^  = —  2r 

xsiii.  2A" —  Z  —  2r  x  6*.  40"  x  sin.  Fxcos.  22r— Z;  hence  there  arises  a 
now  equation— 2r  x  6*,  40''x8in.  Fxcos.  2^-Z=:  —  r xC*.  40'xsin.  2X-Z  -k-V 

-f  r  X  6^-  40*^  X  sim  2Ar— Z— F=  —41'  x  sin.  22:— Z  +  r+  4K  x  sin. 

aX— z— r- 

981.  Hencet  we  have  the  following  equations  of  the  moon's  longitude 
(reckoned  upon  its  orbit),  to  be  applied  to  the  mean  in  order  to  obtain  the 
true  longitude  {  having  collected  into  one  term,  all  those  which  have  the  same 
argument, 

L  .  •  •  -6^  17'.  32^,7  sfauZ. 

IL  •  •  .  H-       13.    O      sin.2Z# 

IIL  .  •  •  -        O.  37     sin.3Z. 

IV.  •  •  •  ^1.  16.  26     sin.2X^Z. 

V.  •        .        -       —        3.  52     sin.  2X+  Z. 

VI.  -        -        ••      +      40.  41      sin.  2X 

VII.  .        •        •+      12.  55     sin,  Y. 

VIIL        .  ^         +         1.  47     sin.Z^IT. 

IX.         -        •        -      -        1.  47      8in.Z+y. 


X,  -         .  .      ^  1.     6,3  sin.  2JC-F. 

XI.  .  ^  -  —  O.  50,5  sin.  2XTY. 
XIL  -  ..  .  —  O.  12  8in.2Z-aS:. 
XIIL  .         ^          +  ©•    2,1    8in,4Z-4X 
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XIV.      ^      . 

— 

0.  49,s   sin.  4X— Z. 

XV.      .      .      . 

+ 

O.  12,5   sin.  25. 

XVI. 

— 

1.  28      sin.  2S—2X. 

xvn. 

+ 

0.  29      sin.  2<S'— Z. 

XVIII. 

1.  59,3   sin.  2X-Z-  Y. 

XIX.       -      -     - 

+ 

1.  49,9    sin.  2X—!t+  it. 

XX. 

+ 

0.     8       sin.  2Z  +  2X 

XXI. 

■"" 

0.  12,5  sin.  25--4X 

XXII. 

0.  29      sin.  4X- 2A'~Z. 

XXIII. 

+ 

0.     6,4  sin.  2X  +  Z-F. 

XXIV. 

+ 

0.     6,4  sin.  2X+Z+y. 

922.  These  are  the  equations  of  the  moon's  longitude  upon  its  orbit,  de- 
duced from  the  principles  which  Sir  I.  Newton  has  given  in  his  Prindpia;  and 
it  is  manifest,  that  we  might  have  proceeded  in  the  same  manner,  and  found 
many  more  smaller  equations.  By  this  method  of  treating  the  subject,  the 
sources  of  all  the  equations  become  manifest,  and  every  one  is  calculated 
directly  from  the  cause  which  produces  it.  Comparing  these  with  the  equa* 
tions  deduced  from  the  direct  method,  no  greater  difference  is  found,  than  what 
is  observed  to  take  place  amongst  those  which  are  computed  from  the  direct 
solution  by  different  Authors ;  and  Mayee  after  bis  most  laborious  calculations, 
founded  upon  a  very  elegant  theory,  was  obliged  to  correct  many  of  his  equa- 
tions from  observations.  We  shall  afterwards  show  the  reduction  necessary  to 
give  the  longitude  upon  the  ecliptic. 


923.  The  equation  l'.  49",9  x  sin.  2-X — Zh-  F,  Sir  I.  Newton  thus  repre- 
sents. TTie  construction  of  Fig  20S.  remaining,  make  the  angle  MHr  sr  2X  fig. 
— Z+  F,  and  take  ITr = ,000352,  which  quantity  subtends  an  angle  of  l'.  12^"  208. 
at  Mj  the  whole  equation  being  2'.  25''  according  to  Sir  I.  Newton,  and  not 
1'.  49^,9  as  we  make  it ;  and  Hmr  will  be  the  correction  for  this  equation.  For 
conceive  the  center  of  the  lunar  orbit  to  be  transported  from  /f  to  r,  and  to 
describe  a  circle  about  JEf,  and  draw  rs  perpendicular  to  MH ;  then  rs:^ 

,000352  X  sin.    2X —  Z  +  Y^    therefore  the  angle  rMH  =:  1'.  12^*  x  sin, 

^X—Z-^-Fy  which  varies  as  sin.  2X— Z+  F,  and  the  whole  quantity  of  varia- 
tion is  2'.  25%  taking  Hr  on  opposite  sides  of  jFf,  and  at  right  angles  to  MH. 
As  therefore  the  whole  variation  of  rMH  is  (from  this  construction)  the  true 
quantity,  and  it  varies  in  its  proper  ratio,  it  must  always  represent  the  true 
correction.  3 
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On  the  Equations  of  the  horizontal  ParaUax  of  the  Moon. 

924.  By  Art.  868.  the  distance  of  the  moon  from  the  center  of  the  earth  is 
1  +  ^*  +  w  X  COS.  Z —  ^  w*  X  COS.  2Z;  but  the  horizontal  parallax  of  the  moon 

is  inversely  as  the  distance,  or  as 


1  4-^  w*  4-  w  X  COS.  Z  —  ^  w*  X  cos.  2Z 
=  1  — ^  tie;*  — w  X  COS.  Z+a?*  x  cos.  Z*  +  i  a?*  x  cos.  2Z  =  (as  cos.  Z*=^  cos. 
2Z  +  i)  1 — wxcos.  Z  +  'of'  X  cos.  2Z.  Now  (909)  w  +  rxcos.  2Z —  2X 
=  EH  the  true  excentricity  at  the  given  time,  and  (909)  the  sine  of  HEG  (the 

aberration  of  the  line  of  the  apsides  from  the  mean  place)  =  — ^  ^  ^^"* —  ~ 

w-f  r  xcos.  2Z-2X 


=:  —  X  sin.  2Z  —  2X  nearly.     Hence,  if  in  the  above  expression  for  the  radius 
vector,  we  put  w  +  rx  cos.  2Z — 2X  for  a;,  and  Z —  -^  x  sin.  2Z —  2X  for  Z; 

and  if  for  cos.  (Z — —  x  sixi.  2Z — 2X)  we  write  cos.  Z+  -  x  sin.  Z  x  sin. 

w  w 

2Z — 2X  (the  COS.  of  --  X  sin.  2Z — 2X  being  considered  unity),  we  get  the 

horizontal  parallax  of*  the  moon  proportional  to  1  *— a^xcos.  Z — rxsin.  Z 


r* 


X  sin.  2Z  -  2X-.r  x  cos.  Z  x  cos.  2Z  -  2X x  sin.  Z x  sin.  2Z- 2X x  cos. 

w 

2Z-2X  +  tt;*  X  cos.  2Z  4-  2wr  x  cos.  2Z  x  cos.  2Z— 2X.  But  sin.  Z  x  sin, 
2Z-2X=^  COS.  2X-Z-^  cos.  SZ-2X;  also,  cos.  Zx  cos.  2Z-2X=^  cos. 
2X-Z  +  i-  cos.  3Z-2X/  lastly,  sin.  Zx  sin.  2Z-2Xx  cos.  2Z-2X=|  sin. 
Zxsin.  4Z-4X=:4:  cos.  4X — SZ-^  cos.  5Z— 4X;  hence,  by  substitution, 
we  get  the  horizontal  parallax  of  the  moon  proportional  to  1  —  a?  x  cos.  Z+ w* 


r* 


X  cos.  2Z  +  w  X  cos.  2X— — -  X  COS.  4X— SZ— r  X  COS.  2X  —  Z+ar  x  cos. 

4a; 


r 


« 


4Z — 2X  +  -rr  x  cos.  SZ  —  4X  the  mean  horizontal  parallax  being  unity. 

925.  This  would  be  the  horizontal  parallax  of  the  moon  in  an  elliptic  orbit 
having  the  earth  in  its  focus ;  but  on  account  of  the  change  of  the  form  of  tlie 
orbit,  at  the  distance  X  of  the  moon  from  the  sun,  the  radius  (882)  varies  in 
the  ratio  of  1  — -Ti?  x  cos.  2X  :  1  ;  hence,  the  parallax  varies  in  the  ratio  of 

:  1 ,  or  as  1  +  tIif  x  cos.  2X :  1 ;  there  arises  therefore  ano- 
1— xi^yx  COS.  2X 

ther  equation +Tb  x  cos.  2X  of  the  parallax.     The  horizontal  parallax  of  th^ 
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moon  is  therefore  1  —  wx  cos.  Z+w*  x  cos.  2Z  +  m^  +  liir  x  cos.  2X 


r" 


4r«; 


COS.  4Jf —  SZ  —  rxcos.  2X—  Z  +  tor  x  cos.  4Z  —  2X+~  x  cos.  5Z — 4X^ 

the  mean  horizontal  parallax  being  unity.  If  therefore  we  assume  r=,01168, 
w = ,05505,  and  the  mean  equatorial  parallax  to  be  57'.  1 1",4,  as  Mater  makes 
it,  we  have  the  equatorial  horizontal  parallax =57'.  11  ",4 —  3'.  8*,9  x  cos.  Z  + 
10",4  X  cos.  2Z  +  26",7  X  COS.  2X—  2\l  x  COS.  4X— •  3Z ~  40",  1  x  COS.  2X  — Z 

+  2",2  X  COS.  4Z— 2X+2%1  x  COS.  5Z — 4X.    Hence,  we  find  (173)  the  hori- 
zontal parallax  for  any  other  latitude* 


Ontlie  Motion  of  the  Nodes  of  the  MoorCs  Orbit. 

926.  If  ;5  be  the  cosine  of  any  angle  ,r,  then  z* = ^  +  i  cos.  2^/  2;*  =  J  4- 1^  cos. 
2i?  +  i  COS.  4.r/  2:*=A  +  iT  cos.  ar  +  A  cos.  4x  +  -h  cos.  6a:;  &c.  radius  being 
unity.     See  my  Treatise  on  plane  and  spherical  Trigonometry. 

927.  Let  E  be  the  earth,  CADB  be  the  plane  of  the  ecliptic,  NMn  the 
moon's  orbit  inclined  to  it,  and  supposed  to  be  a  circle,  Nn  ^  the  line  of  the 
nodes,  AEB  the  line  of  the  syzygies  perpendicular  to  CJEZ),  MK  perpendicu- 
lar to  CD^  Av  a  perpendicular  to  the  plane  of  the  moon's  orbit,  and  vtj  At 
perpendicular  to  ^^£71.  Now  the  ablatitious  force  acting  on  the  moon  at  M 
acts  parallel  to  AE^  and  consequently  it  makes  the  same  angle  with  the  plane 
of  the  moon's  orbit  as  AE  does ;  and  if  we  conceive  ^£  to  be  a  force,  Av  is 
that  part  of  it  which  acts  perpendicular  to  the  plane  of  the  moon's  orbit ;  and 
if  we  put  ^=the  sine  of  the  angle  Ato  the  inclination  of  the  orbit,  to  radius 
unity,  then  I  :  s:\At :  Av=zsxAt;  hence,  AE  :  the  ablatitious  force  SMK 
(B43)::sxAt :  ^^^^^t^MK"^  ^j^^^.  ^^^  ^^  ^j^^  ablatitious  force  which  acts 

perpendicular  to  the  plane  of  the  moon's  orbit.  Let  the  periodic  time  of  the 
sun  :  that  of  the  moon ::  1  :  n;  then  the  part  of  the  ablatitious  force  acting  per- 

pendicular  to  the  moon's  orbit  :  tiie  ablatitious  force : :  ^^^^^^^  :  sMK : : 

sxAt:  AEy  and  (855)  the  ablatitious  force  :  the  gravity  of  the  moon ::  Sn^MK 
:  ME  or  AE ;  hence,  the  force  acting  perpendicular  to  the  moon's  orbit  :  the 
moon's  gravity ::  Sn^s  xAtx  MK  :  AE^.  Now  the  velocity  of  the  moon  being 
represented  by  the  small  arc  Mw  described  in  a  given  time,  the  velocity  gene- 

*  On  account  of  the  inclination  of  the  moon's  orbit,  ^MK  does  not  accurately  express  the  ablatio 
tious  force;  the  difference  however  which  this  consideration  would  make  in  the  result  is  so  very  small, 
that  we  shall  here  omit  it. 
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rated  by  the  gravity  of  the  moon  to  the  earth  in  the  same  time  is  represented 
by  twice  the  sagitta  of  Mw  which  =  -— ^  =-t^  ^  hence,  the  velocity  generated 

in  a  given  time  being  as  the  force,   AE*  :  Sn^s  x  At  x  MK  ::   — ^  : 
Sn'sxMw'xAtxMK  ^^  velocity  generated  by  the  ablatitious  force  in  a  dl- 

rection  perpendicular  to  the  moon's  orbit ;  draw  therefore  tvz  perpendicular  to 
the  orbit  and  equal  to  this  quantity,  and  describe  the  circle  N'Mzn\  and  NN\ 
or  nn'j  will  be  the  corresponding  motion  of  the  nodes.    Draw  np  perpendicular 

to  Mn.    Now  Mw  :  wz:: sin.  Mp  or  il/n,  which  is  Mk^  :  npzz^^^—^ and 

Afw 

sm.  pnn  (^s)  :  npzz — rr-= ::  1  :  nnzn — — ;  hence  the  anffle  nEn  = 

Mw  s  X  Mw  ° 

wz  X  Mk     _  a«»  ^  J^^  ^  ^'  X  MK  X  Mk    ^  .     Mw  ^    .„    ^  ^^^ 

s  X  ME  X  Mw  ME  AE^  ME 

MEC  X  sin.  MEN  the  motion  of  the  node,  whilst  the  moon  describes  Mw^ 

-^rj^  denoting  the  angle  which  Mw  subteiids  at  £.     This  is  the  case  when  the 

orbit  is  a  circle.  Let  us  consider  therefore  what  will  be  the  motion  of  the 
nodes,  if  we  diminish  the  diameter  ^fi  by  a  very  small  quantity,  and  suppose 
the  curve  to  become  an  ellipse,  the  periodic  time  remaining  the  same. 
PIG.  928.  Let  CA'DB  be  the  ellipse ;  draw  MQK  perpendicular  to  CD,  and  mqk 
210.  parallel  and  indefinitely  near  to  it;  join  JEQ,  JSAf,  Eq^  Em;  with  the  center 
E  describe  the  circular  arc  get;  let  nEN  be  the  line  of  the  nodes,  and  draw  Mr 
and  Qs  perpendicular  to  En.  Let  one  body  describe  the  circle  and  the  other 
the  ellipse,  and  let  them  set  out  together  from  C,  then  they  will  come  to  M^ 
Q,  at  the  same  time ;  for  (805)  the  area  CEM  :  CEA  : :  the  time  through  CM 
:  the  time  through  CAj  and  CEQ  :  CEA' :i  the  time  through  CQ  :  the  time 
through  CA';  but  CEM:  CEA:: CEQ  :  CEA\  therefore  the  time  through 
CM  :  time  through  CA  : :  time  through  CQ  :  the  time  through  CA';  but  by  sup- 
position, the  second  and  fourth  terms  are  equal,  therefore  the  first  and  third 
are  equal,  and  the  bodies  come  to  M  and  Q  at  the  same  time,  and  Jim,  Qq 
will  be  the  cotemporary  arcs  described ;  and  the  cotemporary  areas  described 
about  E  being  in  proportion  to  the  whole  areas,  we  have  Mm  x  ME  :  qc  x  QE 
::  EA  :  EA' : :  ME  :  EA';  therefore  Mm  iqc::QE:  EA\  But  (843)  the  dis- 
turbing  forces  at  M  and  Q  are  as  MK  :  QK  very  nearly*,  and  therefore  (927) 
the  motions  perpendicular  to  the  planes  of  the  orbits  (represented  in  Art.  927. 

^  1%ey  aicjMt  accurately  6o>  as  before  observed,  because  tl^  indined  totkecdip* 

IM  CJBD. 


Oir  9HE  THEORY  OF  THS  MOON.  OS 

by  wz)  will  be  as  MK  :  QK.  Now  the  force  aeting  perpendicular  to  tbe  phne 
of  the  orbit  at  Q  turns  the  plane  about  QE9  and  thereby  produces  a  motion  of 
the  nodes  j  and  the  motion  produced  by  this  force  is  compounded  with  die 
motion  Q^,  or  with  the  two  motions  Qc,  cq^  of  which  Qc  lies  in  the  line  about 
which  the  plane  turns ;  therefore  the  motion  of  the  nodes  is  the  same  as  it 
would  be  in  a  body  describing  the  circular  arc  eg  in  the  same  time.  Hence, 
from  the  first  expression  in  the  last  Article  for  the  angle  nEn\  we  get  the  mo- 
tion of  the  nodes  of  the  circle  :  the  cotemporary  motion  of  the  nodes  of  the  et 

^'^  •  ME  X  Mm  '  QET^"  ME  x  QE  '  QE  x  EA"  •""*  ^^-""*  "^^- 

sin.  n£C-hC£J/=  sin.  nJBCxcos.  C£Af+sin.  CEMx  cos.  nEC;  also  ^  = 

sin.  ;i^Qz=sin.  nECTCEQ = sin.  nEC  x  cos.  CEQ  + sin.  CEQ  x  cos.  nEC;  now 
in  a  whole  revolution,  cos.  CEMj  and  cos.  CEQ  are  destroyed  by  the  opposi- 
tion of  their  signs,  and  therefore  to  get  the  mean  motions,  the  terms  where 

they  enter  maybe  neglected;  also,  sin.  CjEJ/=:^^,  and  sin.  CjEQ=:^-f; 

hence,  the  mean  motion  of  the  nodes  of  the  circle  :  that  of  the  ellipse  :: 

MIC      .      QIC     ,.AE^  .EA\.j^.  ^^. 
MExQE     EA'xQE     AE      EA' 

929.  With  the  center  E  and  radius  Ea  describe  the  circle  abj  and  let  that 
be  the  circle  which  the  moon  would  have  described  if  there  had  been  no  dis- 
turbing forces,  supposing  CABEf  to  be  the  ellipse  which  it  would  describe 
without  excentricity,  from  the  disturbing  forces ;  and  let  the  periodic  time  in 
this  circle  be  equal  to  the  periodic  time  in  the  circle  CADB^  and  consequently 
equal  to  the  periodic  time  in  the  ellipse,  according  to  the  foregoing  supposi- 
tion. Now  the  periodic  time  in  the  circles  being  the  same,  the  mean  motion  of 
the  nodes  (927)  are  the  same  ;  hence,  the  motion  of  the  nodes  in  the  circular 
orbit  ab  :  the  motion  of  the  nodes  in  the  elliptic  orbit  CABUw  EA  :  EAw 
(885)  70  :  69. 

930.  Now  let  us  suppose  the  moon  to  describe  its  true  orbit  CAD  By  in  which  fig. 
CD  is  the  line  of  quadratures,  AEB  that  of  syzygies,  aEb  the  major  axis,  E  211. 
the  earth  in  the  focus,  Fe  the  semi-minor  axis ;  J/ the  place  of  the  moota.  Mm 

a  very  small  arc ;  and  with  the  center  jB,  describe  the  circles  mn^  Fty  cutting 
the  line  Nn  of  the  nodes  in  n,  t  /  draw  MK^  Qjc^  perpendicular  to  CD,  and 
-Mr,  QSy  perpendicular  to  Nn  /  and  let  a  body  revolving  in  the  circle  Ft^  de- 
scribe Qq  in  the  time  in  which  Mm  is  described.  Now  (818)  the  periodic  time  in 
the  circle  tF  is  equal  to  the  periodic  time  in  the  ellipse ;  hence  (805),  on  ac- 
count of  the  equality  of  the  periodic  times,  the  area  MEm  :  QiJ;,  or  ME  x 
Ttid  ;  QE  X  Qqj : :  the  whole  area  of  the  ellipse  :  the  whole  area  of  the  circle  : : 
eF  :  ea  /  therefore  md  :  Qq::  QE  x  eF  :  MExea.    But  (843)  the  disturbing 
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forces  at  M  and  Q  are  as  MK^  Qk  very  nearly,  and  therefore  (927)  the  motioni 
perpendicular  to  the  plane  of  the  orbits  will  be  in  the  same  ratio;  hence,  (as  ex- 
plained in  the  last  Article)  the  motion  of  the  nodes  of  the  elUpse  in  the  time 
Aim  is  described  :  the  motion  of  the  nodes  in  the  circle  whilst  Qq  is  described  : : 
MKxMr    QkxQs    ME.QE..       ME*        .  QE\_.._ME*      . 


MExmd  *  QExQq"  md   '  Qq  '  area  EMm   '    area  EQq      area  ellip.  * 

Q^'     y^^E^MEm  .  areaQ£c.  ^^^^^^  ^^^  ^^^^  ^^^j^^  ^f  ^^  ^^^  ^^ 
jirea  circ.  eF  ea 

the  ellipse  :  the  mean  motion  of  the  nodes  of  the  drcle : :  ^^of<^^t^^easMEm 

.  svm  of  all  the  areas  QEc . .  area  of  ellipse  ,  area  of  circle  ..^  .^.  theref  r 
'  ea  '  eF  '  ea  " eF'  ea^ 

the  mean  motion  of  the  nodes  of  the  ellipse  is  equal  to  the  mean  motion  of  the 
nodes  of  the  circle.  Hence,  if  (929)  we  find  the  mean  motion  of  the  nodes  for 
a  circular  orbit,  and  diminish  it  in  the  ratio  of  70  :  69,  we  get  the  mean  mo- 
tion of  the  nodes  of  the  true  lunar  orbit.  It  appears  therefore  that  the  motion 
of  the  nodes  is  not  affected  by  the  excentricity  of  the  orbit,  as  Sir  I.  Newton 
supposed. 

931.  The  true  motion  of  the  nodes  of  the  eUipse  at  any  time  :  the  cotem- 

ME*    O  F* 
porary  motion  of  the  nodes  of  the  circle : :  —--  ;  M_ : :  J/£* :  eFx  ea:  hence* 

'^  eF        ea 

when  ME  is  a  mean  proportional  between  the  semi-major  and.  semi-minor  axes^ 
the  true  motion  of  the  nodes  of  the  ellipse  and  circle  are  equal. 
no.        932.  If  we  take  the  nodes  in  quadratures  and  the  moon  in  syzygies,  Al^ 

MKj  Mk  become  each  equal  to  AE^  and  the  motion  of  the  nodes  =  Sn*  x  —^ 

ME' 

and  they  are  regressive.     Hence,  if  we  take  J^= 32'.  56".  27".  12*'"  the  mean 

ME 

horary  motion  of  the  moon,  the  horary  motion  of  the  nodes  in  this  situation 
will  be  33".  10'".  33"".  12'""  for  a  circular  orbit ;  and  if  we  diminish  this  in  the 
ratio  of  70  :  69  on  account  of  the  elliptic  form  of  the  orbit,  we  have  (930)  32'. 
42".  7^"  for  the  true  horary  motion  of  the  nodes  when  the  moon  is  in  syzygies 
and  the  nodes  in  quadratures.  And  the  horary  motion  of  the  nodes  at  any 
other  time  :  this  quantity ::  sin.  AEN  x  sin.  MECx  sin.  MEN  :  the  cube  of 
radius. 

933.  As  often  as  any  of  the  sines  of  AEN^  MEC^  MEN  changes  from  posi- 
tive  to  negative,  the  regressive  motion  of  the  nodes  becomes  progressive,  and 
the  contrary.  Let  the  situation  of  the  nodes  be  given ;  then  sin.  MEC  be- 
comes negative  when  the  moon  passes  through  quadratures  Z),  and  the  motion 
of  the  nodes  becomes  progressive  ;  when  the  moon  passes  the  node  w,  the  sin. 
MEN  becomes  negative,  and  the  nodes  become  again  regressive.     Thus  it  ap- 
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pears,  that  the  nodes  are  progressive  when  the  moon  is  passing  between  quad- 
ratu^  and  the  nearest  node,  and  regressive  for  the  other  part  of  the  revolu- 
tion. Hence,  in  one  revolution  of  the  moon  the  nodes  are  regressive.  When 
the  sine  of  either  of  these  three  angles  AENj  MECy  MEN^  becomes = O,  the 
nodes  are  stationary.  Hence,  they  are  stationary  when  the  sun  is  in  the  node, 
when  the  moon  is  in  quadratures,  and  when  the  moon  is  in  the  node. 

934.  The  sine  of  MENz^fAH.  MECwCEiV- sin.  MECx  cos.  CEN^  cos. 
MCE  X  sin.  CEN  =:sin.  MEC  x  sin.  NEA^cos.  ME    x  cos.  NEA  ;  hence^ 

if  ME  =  1 ,  the  true  horary  motion  of  the  nodes  =  3n*  x  Mw  x  sin.  MEC^  x 

sin.  NEA*^^  Sn^  x  Mw  x  sin.  MEC  x  cos.  MEC  x  sin.  NEA  x  cos.  NEA.  Now 
in  a  whole  revolution  of  the  moon,  the  position  of  the  sun  and  node  remain- 
ing the  same,  the  efiect  of  the  last  term  will  be  destroyed  by  the  opposition  of 
the  signs  of  sin.  MEC  and  cos.  MECy  the  positive  and  negative  signs  of  their 
product  destroying  one  another  in  a  whole  synodic  revolution ;  hence,  we  get 
the  mean  horary  motion  of  the  node  in  one  synodic  revolution  of  the  moon  = 
3»*  x  Mw  X  sin.  MEC*  x  sin.  NEA*.  Now  if  the  position  of  the  node  be  given, 
and  we  substitute  ^--1^  cos.  2 MEC  for  the  sin.  MEC*^  we  have  the  mean  horary 

motion  of  the  node  =  3/i*  x  Mw  x  sin.  NEA""  x  r  —  i  cos.  2MEC ;  and  neglect- 
ing —  I  COS.  2MECy  the  effect  of  which  will  be  destroyed  in  one  revolution  of 
the  moon  by  the  opposition  of  its  signs,  we  get  the  mean  horary  motion  of  the 

nodes  in  one  revolution  of  the  moon  =  I  n*  x  Mw  x  sin.  NEA*.    Now  when  the    - 

moon  is  in  syzygies, the  sin.  MEC^izlj  and  cos.  MECzzOj  therefore  the  horary 

motion  of  the  nodes  is  then  3n*  x  Mw  x  sin.  NEA*.     Hence,  the  mean  horary 
motion  of  the  nodes  in  one  sjrnodic  revolution  of  the  moon  is  equal  to  half 
their  horary  motion  when  the  moon  is  in  syzygies,  whatever  be  the  position  of 
the  node.     Now  when  the  nodes  are  in  quadratures  and  the  moon  in  s}rzygies, 
their  horary  motion  (932)  is  32'.  42".  7'";  hence,  the  mean  horary  motion  of  the  ^ 

nodes  when  in  quadratures  is  16'.  21".  3^'''  in  the  elliptic  orbit«     In  the  circu- 
lar orbit  it  is  16'.  35\  16^  36"'. 

935.  As  sin.  NEA^zz^  —  ^cos.2NEA;  the  mean  horary  motion  of  the 

nodes  in  one  synodic  revolution  of  the  moon = I  n*  x  Mw  x  ^  — ^  cos.  2NEA 
Tz^n^xMw  —  ^n^xMw  x  cos.  2NEA  ;   and  as  in  one  revolution  of  the 
sun  in  respect  to  the  nodes,  the  last  term  will  be  destroyed  by  the  opposition  of 
its  signs,  we  get  the  mean  horary  motion  of  the  nodes =f  n*  x  Mw.    Hence, 
the  mean  motion  of  the  moon  :  the  mean  motion  of  the  nodes : :  Mw  :  ^n*  x 
Mw::  I  :  in\ 

936.  To  get  the  mean  annual  motion  of  the  nodes,  we  must  first  get  their 
mean  motion,  upon  supposition  that  they  had  been  fixed  for  one  revolution  of 
the  sun,  and  then  we  shall  get  nearly  the  motion  of  the  sun  in  respect  to  the 
node ;  and  by  repeating  the  operation,  we  may  apply  corrections  and  arrive  at 
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fw— :,Vw*+i?S"7z',  where  w' represents 
•^oe,  if  we  make  «?'  =  360%  .  wq, 

'^f  the  nodes  between  two 

^nother  term  of  the 

this  time,  the 

^^r.  21'  : 

•'T)on 

h 
true 

id  have 

jn  will  di- 

J  lore  suppose 


t^ 


J  the  Nodes. 

.,  we  have  the  fluxion  of  the 

u.  MElSl  X  sin.  MEC  ;  but  sin. 

.  ^^MEAzz^m.  MEN xco%.  MEA 

.0  motion  of  the  nodes  =  —  3  n'^z  x 

I'lN  X  cos.  MEN  X  sin.    MEA  x  cos. 
X  ^  +  ^cos.  2  MEA^^^  sin.  2MEN x  ^ 


JJ EN xl+ COS.  2iW/;^Tsin.  2MEN x  sin. 

.  2J/J5:^  -  COS.  2MEN  —  COS.  2MEN  x 

X  sin.  2MEA).      But  —  cos.  2MEN  x  cos. 

in.  2Ari;-4  =  -  cos.  ^MEN't^IIEA zz,  -cos. 

ii  of  the  nodes=— |w*i  x  (i  +cos.  2MEA  —  cos. 

Now  the  mean  motion  of  the  moon  is  to  that  of  the 

e  mean  motion  of  the  moon  be  to  that  of  the  node  as  1  : 

moon  describes  the  angle  Zp  the  sun  describes  nZ^  and 

as  tbe.Djode  is  retgograde^  Z+mZ  expresses  the  moon's 

.ode,  or  the  angle  MEN;  also,  Z^nZ=z the  motion  of  the 

un,  or  the  angle  MEA  s  and  nZ  +  mZ=i  the  motion  of  the  sun 

,  or  thq  angle  A  EN.     Hence,  the  motion  of  tlie  nodesn  —  |  n*Z 

;— 2it?— cos.  2Z+2»iZ— COS.  2wZ  +  2mZ)  =  —  i  n'Z— |n*Zxcos. 

n*Zx  cca^  2ZTawZ+J  n*Z  x  cos.  2/tZ  +  297iZ»  whose  fluent  is— 
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I  n*Z-3  X  rr—-  X  sin.  2Z-2nZ  +  g  x  t^'  x  sin.  2Z  +  2wZ  +  g  x  -^  xsin. 

2nZ  +  2wtZ  the  motion  of  the  nodes.  And  if  X  =  the  distance 
J?  —  nZ  of  the  sun  from  the  moon,  and  for  the  distance  Z  -i-  mZ  of  the 
moon  for  the  node  we  put  S^  then  2nZ  +  2m  Z  =8 —  X;   hence,  the  mo- 

« 

tion  of  the  nodes  becomes  —  in^Z  +  i  x  — —  ^  sin  s^Sf eVa.3  >^     ^ 

n-fm '^       •  »-^-^8x  i^^ 

X  sin.  25—  8  X  , X  sin.  2X.    But  (935)  mzzin^  ;  and  ihe  first  term  ex- 

1—71 

presses  the  mean  motion  of  the  nodes  in  a  circular  orbit ;  hence,  we  get  these 
equations  of  the  mean  motion  of  the  nodes ;  i  x  — - —  ^  sin.  2S  —  2X  +  I  x 

~L—  X  sin.  25—  g  X  Y"^-^  X  sin.  2Xzz  1^  31'.  18'  x  sin.  25—  2X  +  T'.  iT 

^  sin.  25  —  7'.  49*  x  sin.  2X ;  and  if  these  be  diminished  in  the  ratio  of  70  : 
69,  we  get  the  true  equations,  l"".  30'.  l"  x  sin.  25  —  2X  +  7*.  5"  x  sin.  25 —  7'. 
42"  X  sin.  2X. 

940.  The  moon's  motion  being  here  assumed  Z,  if  for  Zwe  substitute  (870) 
Z  —  2Wx  sin.  Z,  which  is  very  nearly  the  true  motion,  and  for  Z  we  put  Z  — 
2no  X  COS.  Zx  Z  ;  then  the  fluxion  of  the  mean  motion  —  i  n*Z  becomes  —  %  rfZ, 
+  1 7i*tt;  X  COS.  Z X  Z=  (as  Y-nZ^  —  Inx  Y-vhrCw  x  cos.  Z  x  Z;  and  to 

find  the  annual  efiect,  we  must  (891)  multiply  this  quantity  by  1  *—  3c  x  cos. 

Y ;  hence,  the  fluxion  of  the  motion  of  the  nodes  from  these  causes  =  —  | «  F 

+  f  «*73yx  cos. Zx  Z  +  lncxcos.  Fx  F nearly,  whose  fluent  =  — -f  nF+ln^tt; 
X  sin.  Z-i-inc  x  sin.  Yj  and  the  mean  motion  being  —  jnF,  the  equations 
become  i  rCw  x  sin.  Z  +  incx  sin.  F=l'.  35*  x  sin.  Z  +  9'.  43"^  x  sin.  F;  and 
these  diminished  in  the  ratio  of  70  :  69,  give  l' .  34*  x  sin.  Z  +  9'.  35^'  x  sin.  F 
for  the  true  equations. 

941.  To  correct  the  three  equations  found  in  Art.  939.    Firstj  to  correct  f 
n*  Zx  COS.  2nZ  +  2mZ.    For  Z  write  Z—  2«;  x  sin.  Z,  and  for  Z substitute  Z— 

2w  X  COS.  ZxZ;  also,  for  the  motion  of  the  sun  nZ  substitute  a  more  correct 
value  TiZ—  2c  X  sin.  nZ;  and  multiply  the  whole  by  1  —  3c  x  cos.  nZj  being  the 
disturbing  force  at  any  distance  1  +  c  x  cos.  F  (891) ;  hence,  the  above  equa- 
tion becomes  %  t^  Zx  1— 2«;xcos.  ZjX  1  —  3c  x  cos.  nZ x  cos.  2nZ-i-2mZ— 4c 

X  sin.  nZ ;  multiply  these  quantities  together,  and  neglect  those  terms  in  whidi 
the  product  %pc  enters  as  being  very  small,  and  we  shall  get  the  following  quan- 

tity,  in* Zxl  — 2w  x  cos.  Z-^3c  x  cos.  nZx cos.  2nZ+2mZ— 4c x sin.  nZ ; 
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but  COS.  2nZ  +  2mZ— 4c  x  sin.  nZ—  cos.  2nZ  +  2mZ  +  4c  x  sin.  nZ  x  sin,  2nZlr 
9mZ  nearly,  because  the  cos.  of  4c  x  sin.  nZ  is  nearly  unity  ;  hence,  (neglect- 
ing I  n*  Z  X  COS.  2nZ  +  2mZ  found  in  Art  939.),  the  correction  becomes.^  n*Z  x 
— ftDP  X  COS.  Z— 8c  X  COB.  nZ  x  cos.  2nZ  +  2mZ + 3ii*cZ  x  ain.nZ  x  sin.  SnZTsmZ 
nearly,  =— I  n*«pxZx  cos.  Zx  cos.  2nZ  +  2mZ—  i  rtcxZx cos.  Zxcos. 
2fiZ  +  amZ  +  Sn*c  X  Z  X  sin.  nZ  x  sin.  2nZ  +  2i?iZ  /  bat  cos.  Z  x  cos. 
2nZ+2mZ=ii  COS.  2nZ  +  2wiZ  +  Z  +  i  cos.  27iZ  +  2mZ^Z ;  and  cos.  nZ  x  cos* 
2«Z+2i»Z=  ^  COS.  SnZ + 2wiZ  +  ^  cos.  «Z  +  2wiZ;  also,  sin.  nZ  x  sin.  2nZ + 2mZ 
=i  cos.  hZ-i-  2mZ— ^  cos.  SnZ-¥2mZ  ;  substitute  these  quantities,  and  collect 
the  like  terms  together,  and  the  fluxional  correction  becomes,  — •  f  n^wZ  x  cos. 
sSzT^ZTZ-  I  f^wZ  X  COS.  2wZ  +  2wiZ-.Z--^  rtcZ  x  cos.  SnZ  +  2wiZ+ 

ft    %       ^  -75 ,     /I  /.     ,  .  1   .        ^4.         ^"-  2nZT2^ZTZ 

incxZx  COS.  nZ-f  2wZ,  the  fluent  of  which  is  — ^ nT»  x 2n  +  2m  +  1 

^3^*.«     sin.  2nZ  +  2»iZ-Z    «,    »^       sin. "s^zT2mZ ^  ,    a^  ^  sin.  nZ  +  2wZ 

+111  w  X— — ■ Tf  n  c  X +  t  Ti  c  X — -* 

'^  1— 2n  — 2wi  Sn'\'2m  n^2m 

r      V      /TN     3    *       sin.  25— 2X  +  Z    3   »       sin.  26'  -  2X^  Z     ^ 

^(a»  F=:nZ)— 4  «*tt?x U^^ItTwx ; — • I  tic  x 

^  ^     ^  l+2n  1  — 2n 

sin.  2S-2X+r+ 1  nc  X  sin.  25- 2X-  r  very  nearly,  =  -41*  x  sin.2A..2Jf  +  Z 

+  SSrx  sin.  25-2X-Z- 3'.  48" x  sin.  2iS'-2X+r+  1'.  38"  x  sin.  2iS'-2A:— F, 

which  two  last  diminished  in  the  ratio  of  70  :  69,  give  —  S\  45"  x  sin.  25— 2X+K 

-I-  l'.  37*.  X  sin.  25— 2X— JT;  the  smaller  equations  it  is  Unnecessary  thus  to 

reduce. 

942.  Secmdfyj  to  correct  ^  n*Z  x  cos.  2Z  +  2mZ.     For  Z  write  Z  —  2w  x 

sin.  Z,  and  for  Z  substitute  Z  —  2W  x  cos.  Z  xZj  and  multiply  the  whole  by 

1  .  3c  X  COS.  nZj  and  the  equation  becomes  ^  n*Z  x  l  ^—  2w  x  cos.  Z  x 

1  —  Sc  X  COS.  nZ  X  COS.  2Z  +  2mZ—  4ic  x  sin.  Z;   proceed  now  exactly  the  same 

sin'  25  +  Z 

as  in  the  last  operation,  and  we  shall  get  the  correction  =  —  i  n*w  x  — X^ 

3  +  2wi 

^  3.  ^       sin.  25- Z    9    ,^     sin.  25+ K    n    »^     sin.  25— F  ^  ^ 

+iir«;  x  — - — S  »*c  X  ~ inc  X -— -  =  --  45^  x  sin. 

^  l+2ni  2  +  W  +  2WI  2  — n  +  2w 

fijr+Z+  45"  X  sin.  25- Z- 1 1"  X  sin.  2.y+T-ll^x  sin.  25- F. 
948.  Thirdly^  to  correct  —  ^  n*Z  x  cos.  2Z  —  2nZ.     For  Z  write  Z — 222;  x 

an.  Z,  and  for  Z  substitute  Z— 2z£;xcos.  ZxZ^  and  multiply  the  whole  by 
1  —  3c  X  COS.  nZj  and  the  equati(m  becomes  —  \  n^Z  x  1  ^2w  x  cos.  Z  x 
1— Sex  cos.  nZ  X cos.  2Z  — 2nZ— 4zi;  x  sin.  Z;  proceed  now  in  the  same' man- 
ner as  before,  and  we  get  the  corrections  —4  n*zv  x  — ^^  +  I  n*ap  x 

o  ^  l—2» 
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47'  X  sin.  2X+Z+ 12'  X  sin.  X+ Z  +42"  x  sin.  X— Z.  ■■  \ .:  , 

fl44.  Tlie  principal  equation  of  the  nodes  is  J  n  x  sin,  2nZ  -f  2mZ  (939)  5 
therefore  a  more  correct  value  of  2mZ  (twice  the  motion  of  the  nodes)  is  2mZ 

— f  n  X  sin.  2nZ-^2mZ^  the  equation  being  subtracted^  because  th(ei,  motion  2nZ 
of  the  nodes  is  retrograde,  and  this  equation  is  additive,  or  to  be  applied  ac- 
cording to  the  order  of  the^signs.  Substitute  therefore  this  valu^for  ^mZ  in  ^ 
rtZK  COS.  2nZ  +  2mZ  (which  is  the  fluxion  of  tlie  pi;incipal'equttioii)  laad  it 
becomes  ^  n^Z  x  cos.  (2nZ  +  2fnZ  *-  :|  n  x  sin.  2;2Z  4-  2i7iZ),  and  omitting  the 
equation  already  found,  the  result  is  i^^^Zx  i  n  x  sin.  2ttZ+2^Itlxsi>irn}  Z 
X  i— ^  cos;  4/iZ  +  4mZ—S  w'Z—  A  n'Zx  cos.  4wZ + 4iwZ,  whose  fluent  is  A 

-^      g  ^,       sin.  4nZ  +  4mZ     «      ^      «      .      .       —7= »    • 

n'Z-  A n'  X ^^^^ —  =  A  n'Z-T5ir  «  x  sm.  4nZ  +  -toiZ;  heace,  tlie 

equation  is— tSf  »*  x  sin.  4^Z+4«iZ=  —  l'.  23*'  x  sin.  4^'— 4JE;  Kdiidi  diminish, 
ed  in  the  ratio  of  70  :  69,  gives—  1'.  22'  x  sin.  46- 4 A'. 

945.  The  quantity  A  ^^Z,  found  in  deducing  the  last  equation,  contintially 
increases  as  Z  increases,  and  is  therefore  a  correction  of  the  mean  motion  ^^ 
f^Z  before  found  ;    hence,  a  more  correct  value  of  the  mean  motion  is— f  n^Z 
-^-hn'Z.     . 

Hence,  the  equations  of  the  mean  motion  of  the  nodes  are. 


I. 

+  1'. 

30'.     1* 

xsin.  2S—2X. 

II.     -     - 

+ 

7.     5 

X  sin.  2S. 

III.    . 

— 

7.  42 

X  isin.  2X. 

IV.      . 

+ 

1.  34 

X  sin.  Z. 

V. 

+ 

9.  35 

X  sin.  K. 

VI.      . 

— 

0.  41 

xsin.  25- 2 A" -h if." 

VII.     . 

+ 

0.  56 

xsin.  2S-^2X-^Z. 

VIII.   . 

— 

3.  45 

xsin.  2S-2X^Y. 

IX.      . 

+ 

1,  37 

xsin.  25-2A:-K 

X. 

— 

0.  45 

X  sin.  2S  +  Z.          : 

XI.      . 

+ 

0.  45 
0.   11 

xsin.  2A— if. 

XII.     . 

X  sin.  2A'  +  V. 

XIII.   - 

— 

0.   11 
0.  53 

X  sin.  25'—  V. 

XIV.   . 

x^m.2X'-2L 

XV;    . 

+ 

0.  47 

xsin.  2X'\'Z. 
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XVI.    -       -        +     =  of.  la^'jcsiiivXT^.  /■■ 

XVII..         .  +         O.  12  xsin.  Y^. 

XVIII.         .         ~         1.  22  X  sin.  4S- ^X. 


■.      .    ^ 


,.  t 
i  •  •  ■ 


t         \ 


■  ■     .  .      I   ■  _  ■  ; 

Ori  the  Variation  of  the  IncUnation  of  the  Moon^s  Orbit. 

946,  Let  iViV'be  the  horary  motion  of  the  moon's  nodes ;  draw  ^]lc  perpen- 
dicular-to  iVn/^  and  A/i»  perpendicular  to  th6  ecliptic,  and  draw  £Jcs^  join  J/;r^ 
and  iiam\ku  perpendicular  to  -M^;  then, the  Angle  sMk  fe  the  cotemporary  va^ 

riation  of  tbe^cUnation;    Now  the  angle  NEN'  :  sMk : :  i^  :  i!i  • :  2.  :  .jL^ 

•     .       . .  .  ^i;     kM    sE     kM 


w  .,    i?  '."     »     •  •     ■•  .        •  -        J  .       •  V      ..-••''      -^ 


: :  sin.  MEN  :  s  x  cos.  MEN.  But  if  the  angle  MErv  zzZf,  ihj^  motion  of  the 
nod^  (92S7)  is  3n*  x  ^x sin.  ^ £A^ xsin.  JfjBC xsin.  MEN;  hence,  the  co- 
temporary  ivamtion  of  thei  inclination  is  Sn'«Zxsin.  A  EN  xcoi.  MENy'ciiSi 
ME  A.  Now  COS.  MEN =co9.  Al  EC  ^CEN=  cos.  MECxcos.  CEN  ±  sin. 
MEC  X  sin.  CENoi  cos.  MECx^n.  A  EN  ±  sin.  MECxcos.  A  EN;  hiihce, 

the  flu^iota  of  the' va;iiation  df  the  inclination  is  SnVZx  sin.  AENx  sin.  MEC 
X  (cos"  MECx%m.  AEN ±sir\.  MECx  cos.  AEN);  but  in  one  synodic  re.- 
volution  of  the  moon,  cos.  JI/£C  will  be  destroyed;  therefore  the  fluxion  of  the 

mean  variation  for  that  time  =  3n*5Z  x  sin.  AENx  cos.  AEN  xsin.  MKC*=: 

i    I   ■     -I 

3/i*Z X  sin.  AENx  cos.  AENx  ^  — i  cos.  2MEC=(for  the  mean  of  one  syn*- 
odic  revolution)  I  wVZ X  sin.  AENx  cos.  AEN*.  Now  the  mean  motion  of 
the  moon  (Z)  :  that  of  the  sun:: 2139  :  160,  and  (938)  the  mean  motion  of 
the  sun  :  its  mean  motioh^A^in  respect  to  the  nodes  ::  341,3  :  360;  hence, 

Z  =  — ^J^  ^n^    X  AN=:  12,68  X  AN;  therefore  the  fluxion  of  the  mean  vari* 
160  X  360  *    »•• 

ation  of  the  inclination,  M  the  nodes  move  from  quadratures  to  syzygies,  is 

Jx  12,68  xn*5x-^A^'X  sin.  AENx  cos.  AEN  =,  19,02  x  ri's  x  sin.  AEN  x 

sin.  AKN,  whose  fluent  is  9,51  xn^s  xsin.  AEN*=l&.  24"  x  sin.  AEN\  tak- 
ing s  =  0,896  it&  mean  value.  Tliis  is  for  a  circular  orbit ;  diminish  it  in  the 
ratio  of  70  :  69,  and  it  becomes  le*.  10^  xsin.  AEN*.  Hence,  the  mean  va- 
riation of  the  inclins^tion  varies  as  the  square  of  the  sine  of  the  sun's  distance 
from  the  node.     When  ^JBiV=90%  tlie  mean  diminution  is  16*.  10*.     This  is 

•  •      • 

*  Hence,  the  mean  variation  of  the  inclination  is  «  x  sin.  AEN  X  cos.  AEN,  eras  «  X  %\n.2AENt 
from  which  Sir  I.  Newton^"^  Pr.  36.  Lib'.  3.  deduced  his  very  elegaiit  construction  for  finding  the  in- 
clination at  any  time..  /  .u. 
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Uie  mean  for  one  revoluticm  of  the  moon  when  the  nodes  come  into  quadratures ; 
its  half  therefore  8'.  5'Vis  the  mean  variation  from  the  mean  inclination  of  the 

orbit    Now  sin.  AEN^z^i^i  cos*  2AEN.    Hence,  the  mean  variation  =  8'. 
5"—  8'.  5^  X  cos.  2  A  EN  J  which  subtracted  from  8'.  5*  the  mean  variation  from 
the  mean  inclination  gives  8'.  5"  x  cos.  2AENj  the  quantity  to  be  applied  to 
the  mean  inclination  in  order  to  get  the  mean  inclination  for  one  revolution  of 
the  moon  at  any  time. 
947.  Now  when  the  nodes  are  in  quadratures,  the  fluxion  of  the  variation  is 

SftsZ  X  sin.  MEC  x  cos.  MEC  (the  sin.  AEN  being  unity) = 3iCs  x  sin.  MEC 

X  sin.  MEC9  whose  fluent  is  I  n*s  x  sin.  MEC  ^(^Mundug  ^=,0871  the  sine 

of  the  inclination  at  this  time)  9f.  91'  x  sin.  ME(f;  but  this  must  be  increased 
in  the  ratio  of  the  periodic  to  the  synodic  revolution  for  the  reason  in  Art.  867. 

hence,  the  variaticm = 2'.  43"  x  sin.  ME(T  for  a  circular  orbit ;  which  diminish- 
ed in  the  ratio  of  70  :  69,  gives  2*.  40*,7  x  sin.  MEC  for  the  variation  of  the 
inclination.  Hence,  when  the  moon  is  in  syzygies,  the  variation =8^.  40^,7 
is  the  diminution  of  the  inclination  in  the  transit  of  the  moon  from  the  nodes 
(in  quadratures)  to  syzygies ;  the  half  of  which  l'.  9Xf  is  the  variation  from  the 
mean  inclination  in  that  time.  Hence  (946),  in  the  transit  of  the  nodes  from 
syzygies  to  quadratures,  when  the  moon  is  in  quadratures  the  variation  of  the 
inclination  has  been  16'.  10" -«l'.  20''=  14'.  50",  and  when  the  moon  is  in  syzy* 
•gies,  the  variation  has  been  16'.  10"  + 1'.  20"= iT.  SO*';  therefore  if  the  inclina- 
tion be  5^  1 1\  20*  when  the  nodes  are  in  syzygies,  the  least  inclination  be- 
comes 4*.  59'.  S(fy  and  the  mean  =  5^  8'.  35*. 


To  find  the  Equa&om  of  the  Variation  of  the  Inclination  of  the  Lunar  Orbit. 

948.  By  Art.  927.  the  fluxion  of  the  motion  of  the  nodes  is  3n*Z  x  sin.  AEN 
X  sin.  MENxcf}U  ME  A;  but  (946)  the  motion  of  the  nodes  :  the  cotempo- 
rary  variation  of  the  inclination  ::  sin.  MEN :  ^xcos.  MEN;  hence,  the 
fluxion  of  the  variation  of  the  inclination  is  Sn^sZ  x  sin.  AENx  cos.  MEN  x 
cos.  MEA.  Now,  writing  the  sines  and  cosines  with  their  proper  signs,  when 
the  incfination  is  diminishing  this  fluxion  is  positive,  and  when  the  inclination 
is  increasing  the  fluxion  is  negative ;  therefore  that  it  may  be  properly  applied, 
its  sign  must  be  changed.  But  AENzz  MEN^  MEA^  therefore  sin.  AEN 
^sin.  MEN  X  CM.  J/£J7sin.  MEA  x  cos.  MEN;  hence,  the  fluxion  of  the 
variation  of  the  inclinations  —  Sn*sZ  x  cos.  MEA  x  sin.  MENx  cos.  MEN^ 
COS.  MEN*  X  sin.  MEA  x  cos.  MEA  =  —  3n*sZ  x  (^  +  ^  cos.  2MEA  x  i  sin. 

QMEN^  i  +  icos.  2M&N  X  i  sin.  2MEA)  =  -  f  n*sZ  x  (sin.  2MEN  T-  an. 
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2MEA  +  sin.  2MEN^  2MEA)  =  -  ^  n*sZ  x  (sin.  2MEN :?  sin,  2MEA  +  sin. 
2AEN).  Now  this  is  the  same  expression  as  that  for  the  motion  of  the  nodes, 
except  that  we  have  here  the  sines  of  the  angles  instead  of  the  cosines;  there- 
fore making  the  same  substitution  here  as  in  Art.  939.  we  get  the  fluxion  of  the 
variation  of  the  inclination  =  -|  n*sZx  (sin.  2nZ  +  2mZ  +  sin.  2Z+2wtZ-sin. 

,        n         .      ,    .       f  ver.  sin.  2nZ  +  2mZ ,  ver.  8in.'2Z+2wiZ 

2Z-2nZ),  whose  fluent  is-:|  n  «  x  [ 2n  +  2m 2  +  2^i 


ver.  «in»  2Z-2nZ'\  ,    »       f 
232^ J=-in.x   [ 


1— COS.    2»Z  4- 2^Z     1  -  COS,  2Z+2mZ 
2n  +  2m  2  +  2w 

1-cos,  2Z-2nZ-|  ^(^^^^  n0^.i!5L— ^  +  -^^+..^!!i.xcos, 
2  — 2»  J      ^  ^      "^     8  +  6n     8  +  6n*     8— 8»     8+€n 

3n*5  _  _      Sn*^ 


56'— 2 AT  +  r— g-i X  cos.  2iSf—  X  COS.  2 A';  and  the  three  equations  are  8*. 

12"  X  COS.  2ii'— 2Ar+  39"  X  COS.  2iS-.42"  x  COS.  2Xy  which  diminished  in  the  ra- 

tio  of  70  :  69,  gives  8'.  5"  x  cos.  26— 2A:  +  38i"  x  cos.  2S-4lf  x  cos.  2X  for 
the  true  equations.  And  the  three  constant  quantities  show  tliat  the  mean  in- 
clination of  the  orbit  is  less  than  it  would  have  been  if  there  had  been  no  dis- 
turbing force. 

949.  To  correct  these  three  equations.     Firsts  let  us  take  -^^n^sZ  x  sin. 

2/iZ  +  2mZ;  in  which,  for  Z  write  Z  —  2tt;  x  cos.  Z  x  Z,  for  nZ  write  wZ 

*— 2cxsin.  nZj  and  for  2;?aZ  write  2wZ— -Inxsin.  2nZ  +  2mZ,  which  is  the 
correction  of  the  motion  of  the  node  by  its  principal  equation  (939),  and 
multiply  the  whole  by  1  —  3  c  x  cos.  nZ^  for  the  reasons  already  given  in 

Art.   941.   and  the  equation  becomes —- f  n*sZ   x    1  —  20;    x    cos.  Z  x 

1  —  3c  X  cos. nZ  X  sin*  (2nZ -f  2mZ — 4c  x sin.  nZ —  inx  sin.  2nZ  +  2mZ) ; 

but  sin.  (2;iZ  +  2fnZ  —  4c   x  sin.  nZ  —  J  n   x    sin.   272Z  +  2mZ)  =  sin. 

2nZ  +  2mZ—  COS.  2nZ  +  2mZ  x4icx  sin.  nZ  +  i  n  x  sin.  2nZ  +  2wZ  nearly,  be- 
cause 4c  X  sin.  nZ+in  x  sin.  2nZ  +  2mZ  being  small,  its  cosine  is  nearly  =  1, 
and  we  may  put  that  quantity  itself  for  its  sine;  make  therefore  this  substi- 
tution, and  actually  multiply  the  quantities,  and  reject— -I  w*5Z  x  sin.  2nZ+2mZ 
which  is  the  equation  to  be  corrected,  and  we  get  the  fluxional  correction  =i 

n^swZ  X  COS.  Z  X  sin.  2aZ  +  2;wZ-f  I  n^scZ  x  cos.  nZ  x  sin.  2nZ  -f  2mZ  +  Sn*«rZ  x 
sin.  nZx  cos.  2nZ  +  2mZ -h -h  n^sZ  x  sin.  2/iZ  +  2mZ  x  cos.  2wZ  +  2mZ  nearly, 
= ^  n*sxvZ  X  sin.2nZ+277iZ+Z + f  n^swZ  x  sin.  2nZH-2wiZ— Z  +  V  ^^Z  x  sin. 
SnZ  +  ^mZ-^  i  n*$cZ  x  sin.  7iZ  +  2mZ  +  A  n^sZ  x  sin.  4nZ  +  477iZ,  whose  fluent 

is  jn^swx''^''  ^^"'  ^^^-^^^^-^^-fl/t-^x^^^-  ^^"'  2riZ-f  2mZ>-Z^  ^>^ 

1+2/1  + 2m  ^  2n  +  2m-l  ** 

VOL.  u.  I. 
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^  ver.  sin,  SnZ  +  QmZ      -  ^t  .^  ^  ver.  sin.  nZ  +  2i»Z  ,    o  «i  .  ^ 
Sn  +  2m  n  +  2m 

ver.  sin.  4nZ  -i-  4mZ    ^       i.  ^-^  ^-      ,         ^  /•  ^    \  a       n^sto      . 

=:(by  substituting  1  -  cos.  for  ver.  Sin.)  I  x  — — —  |  x 

4nH-4m  V  ^  o  y  l+2n 

**^    +  insc  -  i  n5r+  -Arw*^  -  J  x  -^i^  x  cos.  2nZ  +  2mZ+Z+  I  x 


1— 2n  l+2n 


J ._ 2^ X COS.  2nZ  +  2mZ— Z— rn^cxcos.  SnZ+2mZ+8^cxcos.  nZ-^-QinZ 

—  tI?  «*^  X  cos.  4nZ  -f  4mZ;  but  the  five  first  terms  are  constant ;  and  there- 
fore only  afiect  the  mean  inclination ;  and  the  last  five  express  the  corrections 
of  the  assumed  equation.  Now  2nZ  +  2mZ  +  Z  =  25  —  2X  +  Z,  2nZ  + 
2mZ-.Z^25-2X-Z,  3nZ+2mZ=25-2X+r,  nZ  +  2f»Z=25-  2X—  T, 
and  4nZ  +  47wZ  =  45'  —  4X;   and  by  substituting  for  »,  w,  c  and  s  their 

values,  we  get  these  equations,  —  sf  x  cos.  2S  —  2X  +  Z  +  5"  x  cos. 

25--2X-Z-20  I"  x  cos.  25^l2]rrr -h  8  l"  x  COS.  25- 2X- 5^-7  i"  X  COS. 

45-£4X  It  is  unnecessary  to  reduce  these  small  equations  in  the  ratio  of  70 
:  69. 

950.  Secondly  J  to  correct  —J  n^sZ  x  sin.  2Z  +  2wiZ.     For  Z  put  Z— 2tiD  x  sin. 

Z,  and  for  Z  write  Z — 2w  x  cos.  ZxZy  omitting  the  other  corrections,  as  the 
efiects  which  they  here  produce  are  very  small  j  hence,  the  quantity  becomes 

—  J  n^sZx  1— 2w;xcos.  Z  x  sin.  (2Z  +  2wjZ  —  4w  x  sin.  Z)  =  —  i  »*5Z  x 

1  —  221;  X  cos.  Z  X  (sin.  2Z+2ntZ— 4%ie;  x  sin.  Z  x  cos.  2Z  +  2»iZ)  =  —  i  tCsZ  x 

1  —  2w  X  COS.  Z  X  (sin.  2Z+"2mZ— 2a;  x  sin.  SZ + 2wiZ  +  2w  xsin.  Z'^2mZ)y 

and  neglecting — J  n*5Z  x  sin.  2Z + 2wiZ  which  is  the  given  quantity,  and  also 
those  terms  where  w*  enters  as  being  very  small,  we  get  the  fluxional  correc- 

tion = i  n^wsZ  x  sin.  sZ  +  imZ-^  4  n^wsZ  x  sin.  Z  +  2mZ  +  f  n^wsZ  x  cos.  Z  x 

sin.  2Z  +  2mZ = I  n^sZ  x  sin.  iJZ  +  2mZ — I  n*wsZ  x  sin.  Z^2mZ  +   *  n^w^Z 

X  sin.  3Z  +  2wiZ  +  i  nV^Z  x  sin.   Z  +  2mZ,  whose  fluent  is  i  n*  tt;^   x 

1-cos.  3Z  +  2mZ    s^»^,^  ^   1— COS.  Z-i-2wZ^,  ^»^^^  ^  1  ■>  cos.  8Z  +  2fyiZ 

, : — — ^wzr^  X  '{•tnws  x — — 

3  + 2m  1  +  2m  3  4-  2w 

+  4n*w«  X  i:iS2tA±?!!l? =in\os-^n*ws+in*ws-'i  n*ws-^^ n^ics  x  cos. 
*  1  +  2m 

3^  +  2mZ+in*ws  X  cos.  Z+2mZ-i  n*ws  x  cos.  3Z+2mZ—  i  nV*  x  cos. 
Z+imZ  =  (omitting  the  constant  quantities  which  affect  only  the  mean  incli- 
nation) — 3  n*ws  X  COS.  3Z+2mZ + i  n*ws  x  cos.  Z + 2mZ  =  —  4^:"  x  cos.  SZ+  2tnZ 
+  4i"  X  cos.  Z+2mZ=  -4i"  X  COS.  25+Z+4^'  X  cos.  26'  -  Z,  the  corrections 
required.  '  

951.  Thirdly y  to  correct  i  n*sZ  x  sin.  2Z  -  2nZ.     For  Z  put  Z  —  2w  x 
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sin.  Z,  and  for  Z  put  Z  ^  9fw  x  cos.  Z  x  Z;  and  the  given  quantity  becomes 

i  n*sZ  X  1  —  2a;  X  cos.   Z  x  sin.  (2Z  —  2iiZ  —  4w  x  sin.  Z)  zz\  r^sZ  x 

1  — 2a;xcos.  Z  x  (sin.  2Z— 2nZ— 4tt;  x  sin.  Z  x  cos.  2Z  —  2nZ)  =  f  r^sZ  x 

1  — 2u;xco3:  Z  X  (sin.  2Z^I-2nZ— 2tt?  x  sin.  SZ  —  2nZ  +  2tt;  x  sin.  Z — 2nZ), 

and  neglecting  :|  n*n;^Z  x  sin.  2Z  —  2nZ  which  is  the  given  quantity,  and  also 
diose  terms  where  w^  enters  on  account  of  their  smaUness,  and  collecting  the 

like  terms,  we  get  the  fluxional  correction  =  —  InV^Z  x  sin.  SZ  —  2nZ  + 


I  fhosZ  X  sin.  Z—  2nZ,  whose  fluent  is  -^  I  tCws  x 


1  —  cos.  5Z — 2nZ 


S-.2W 


+  \  n*ws  X 


1— COB.  Z— 2nZ 


_JL 


l-2n 
fCws 


=  -lx 


n*ws 
3^2n 


+i  >^ 


1— 2« 


+  *  X 


S  — 2» 


X  cos.  SZ  -^  2nZ 


4  X            X  COS.  Z—  2ftZ,  and  omitting  the  constant  terms  as  a£fecting  only 
the  mean  inclination,  we  get  the  corrections  =  i  x x  cos.  2X  +  Z  —  i  x 


n*w5 


■      ^^-  X  cos.  2Jr— Z=4^"xcos.  2X+Z— 5*  X  cos.  2jir-  Z  the  equations 
required. 
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^ence,  the  variation  of  the  inclination  from  the  mean  quantify  is^   » 


I.  .  .  .  . 

.      +8'. 

5"  XC03.  25-2X 

II.    -    .    . 

.      +0. 

SS^X  COS.  2S. 

III.  .  .    . 

-0. 
■      -0. 

41^  X  COS.  2X 

IV.   .    .    . 

Six  COS.  2S—2X-\-Z. 

V,   .    .    .    . 

.      +0. 

5    XCOS.  2S-2X—Z. 

VL    -     .     . 

.      -0, 

20f  X  COS.  2i-  2X+  F. 

vn.  -  -   . 

.      +0. 

S^XCOS.  2A'-2X-r. 

VIII.   -    .   . 

.      -0. 

7ixcos.  4A'-4X. 

IX.   .    -     . 

.      -0. 

4^  XCOS.  2S  +  Z. 

X.  -  .   .  . 

.      +0. 
.      +0. 

4^  X  COS.  25—  Z. 

XI.    .    .    . 

4|^xcos.  2X+Z. 

XII.  -    . 

.      -0. 

5   X  COS.  SJt—Z. 

These  arguments  are,  so  &r  as  they  go,  the  same  as  those  for  the  equations 
of  the  motion  of  the  nodes,  only  in  terms  of  the  cosines  instead  of  the  sines  * 
and  the  co-efficients  of  these  arguments  are  respectively  equal  to  those  in  the 
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equations  of  the  motion  of  the  nodes,  mnltiplied  by  ,0897  the  sine  of  the  meail 
inclination. 

952.  Tlie  constant  quantities  which  have  arisen  in  deducing  the  variatioii  of 
the  inclination  in  the  four  last  Articles,  show  how  much  the  mean  inclination 
is  affected  by  the. disturbing  forces.     Now  these  quantities  are  the  same  as  the 
respective  co-efBcients  of  tlie  equations  with  a  contrary  sign ;  therefore  the  sum 
of  all  the  constant  quantities  is  — 7'.  43J",  which  being  negative  shows  that  the 
mean  inclination  of  the  lunar  orbit  is  7'.  431"  less  than  it  would  have  been,  if 
there  had  been  no  disturbing  forces.     Now  if  we  take  the  situation  of  the  sun, 
moon  and  node  such,  that  all  the  arguments  may  become =0,  their  cosines  will 
be  unity,  and  tlie  whole  variation  from  the  mean  will  become  :=  +7'.  481";  at 
that  time  therefore  the  inclination  of  the  orbit  is  the  same  as  it  would  have 
been  if  the  motion  of  the  moon  had  not  been  disturbed  by  tlie  sun's  attraction. 
When  all  the  arguments  become  90°  or  270°,  the  cosine  of  each  vanishes,  and 
the  inclination  of  the  orbit  becomes  the  mean  inclination. 
FIG.        953.  If  NM  be  the  moon's  orbit,  ^V  the  ecliptic,  3/ F  perpendicular  to 
212.     NV^  and  M  the  place  of  the  moon,  whose  distance  MN  from  the  node  is 
known ;  then  if  the  true  inclination  MNV  of  the  orbit  be  found  by  applying 
the  above  equations  to  the  mean  inclination,  we  have  sin.  MVx  sin.  'MNVzz 
sin.  MV  the  latitude  of  the  moon. 

954.  Let  the  moon  be  in  the  node,  and  the  node  in  quadratures  of  the  sun, 
then  5=0,  X=90°;  and  neglecting  all  the  equations  except  the  three  first, 
we  get  the  equation  =  —  8'.  5"  +  38  J "  +  41  J"  =  —  6'.  45",  the  quantity  by  which 
the  mean  inclination  is  diminished.  Now  let  the  moon  hav.e  moved  up  to  the 
sun  in  quadratures,  then  iS=90°,  ^5^=0,  and  the  equation  =  —  8'.  5"^— 38 J"— 
41.^=  —9'.  25''  the  quantity  by  which  the  mean  inclination  is  diminished,  and 
at  which  time  the  inclination  is  the  least  possible,  the  principal  equations  being 
all  negative.  Hence,  in  the  passage  of  the  moon  from  the  node  to  the  sun  in 
quadratures,  the  inclination  has  diminished  9'.  25"— 6'.  45^  =  2!'.  40*.  In  Art. 
947.  we  found  it  to  be  2'.  40^,7. 

955.  Let  the  sun  and  moon  be  in  the  node,  then  5=0,  -Y=Oj  hence,  the 
equation  =  8'.  5''  +  38.y'— 41^"  =  8'.  2\  the  quantity  by  which  the  mean  incKna* 
tion  is  increased,  and  the  inclination  is  now  the  greatest,  omitting  the  smaller 
equations. 

956.  Now  let  us  trace  the  progress  of  the  variation  of  the  inclination  fi'om 
the  time  the  sun  leaves  the  node  till  it  comes  to  the  next  node.  For  one  revo- 
lution  of  the  moon,  the  mean  variation  from  the  mean  inclination  (948)  is  8'. 
5"  COS.  25— 2.Y,  or  as  the  cosine  of  double  the  distance  of  the  sun  from  the 
node.  When  the  sun  is  in  the  node,  the  cosine  of  25  — 2^Y  is  +  1,  the  greatest 
possible ;  therefore  the  inclination  is  the  greatest.  As  the  sun  recedes  from  the 
node,  the  cosine  of  25— 2-Sr  decreases  till  the  sun  comes  into  quadratures  of 
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tlie  nodes,  at  which  time  the  cosine  of  25— 2 A"  is— 1,  the  least  possible; 
therefore  the  inclination  is  the  least  possible;  consequently  the  mean  inclinaticM 
has  decreased  from  the  time  the  sun  leaves  the  nodes  till  it  comes  into  quadra- 
tures.   Now  from  the  time  the  sun  leaves  quadratures  till  it  comes  to  the  heXt 

node,  the  cosine  of  2*$— 2 JST  increases  from— 1  to  +  1,  consequently  the  incli- 
nation increases  for  that  time,  and  then  becomes  the  same  as  it  was  when  the 
sun  left  the  preceding  node.  We  have  here  considered  the  inclination 
without  any  reference  to  the  place  of  the  moon  in  its  orbit,  which,  as  appears 
from  the  other  equations,  will  affect  the  inclination ;  the  inclination  here  men- 
tioned must  therefore  be  considered  as  nearly  the  mean  inclination  for  a  revo- 
lution of  the  moon.  Hence,  the  whole  variation  in  the  transit  of  the  sun  from 
the  nodes  to  quadratures  is  the  difference  between— 8'.  5*  and +  8'.  5",  or  l&. 
10*  as  before  stated.  Sir  I.  Newton  makes  it  16*.  2^^"  for  a  circular  orbit, 
which  diminished  in  the  ratio  of  70  :  69,  gives  l&.  9^".  The  other  small  equa- 
tions have  also  their  periods,  in  which  they  return  to  the  same  quantity^^ 
Hence,  the  mean  inclination  remains  constant. 

To  reduce  tlie  Place  qf  tite  Moon  in  its  Orbit^  to  the  Ecliptic. 

957.  By  spherical  Trigonometry  we  have,  tan.  NV:=l  cos.  N  x  tan.  NMz=r 

^1—5'  X  tan.  NM  =:  1  -  ^  ^*  x  tan.  NM;   hence,   tan.  NV  —  NAt  = 

— 4  ^  X  tan.  iVil/  .       ,         ^in.  NM    ^.     ^         ^^.-^ 

r»  =  (putting    -- — jr^^  for    tan.    NM)  — 


1  +  1    -  ^  ,-  X  tan.    NM^  "  ^^"^^"^^    cos.    NM 

i^*xsin.  NMxcos.  NM  .      .  ,    , 

2- — --=r====:^^i =  — 1 5  X  sm.  NMx  cos.  NM  nearly,  =  —4  s  x 

1  —i  s*  sin.  NAl 

sin.  2NM;  and  as  NV-^NM  is  very  small,  we  may  consider  this  quantity  as 
expressing  the  difference  of  the  two  arcs.  Now  the  moon's  distance  from  the 
node  =  5 — J  n  x  sin.  2S--2X  nearly,  the  latter  term  being  (939)  the  principal 
equation  of  the  nodes ;  and  if  we  correct  the  value  of  S  by  the  principal  equa- 
tion of  the  center— 2ti?  x  sin.  Z,  we  get  a  more  correct  value  of  NM^S--2w  x 
sin.  Z'-lnx  sin.  ^.S^-^X;  also,  if  we  correct  the  value  of  s  by  the  principal 
equation  k  snx  cos.  2Ai—  2X  (948)  of  the  inclination,  it  becomes  s-^-^  snx  cos. 
2^—  2X; hence, NV—  NMhecomes  =  sin.  (2— 4w  x  sin.  Z-^^n  x  sin.  25— 2 A^) 
X  (— :|:  5*— A  ^  X  COS.  2S  -  2X)  nearly,  =:(sin.  2,5—411;  x  sin.  Z  x  cos.  25—1  n 

X  sin.  2S—2Xx  cos.  25)  x  (— ^  ^*— A  sn  x  cos.  25— 2^)=  -|  5*  x  sin.  25+ 
s*wxsin.  Z  X  COS.  25— tV  5*w  X  sin.  25  x  cos.  25— 2^+ A  5* wx  cos.  25  x  sin. 

25— 2X  nearly,  =  -—^  s^  x  sin.  25  +  ^  s\o  x  sin.   25  +  Z—  ^  s^w  x  sin.  25  -  Z— 

fff  s'n  X  sin.  2X^  —6'.  54"  x  sin.  25  +  46"  x  sin.  25  +  Z-' 46'  x  25— Z-  23"  x  sin. 
2X  the  reduction.  5 
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958.  Hence,  we  may  reduce  the  equations  (921)  for  the  longitude  upon  the 
moon's  orbit)  to  the  longitude  upon  the  ecliptic,  by  applying  the  first,  third  and. 
£>urth  equations  to  the  equations  XV.  XVII.  and  VI.  having  the  same  argu- 
ments, and  adding  the  third  equation ;  hence,  we  get  the  following  equations 
of  the  moon's  longitude  upon  the  ecliptic. 

I.  -         -       -    -6°.  If.  32",7  sin.  Z. 

II.  .        -        .       +       18.    0     sin.2Z. 

III.  -        -        -      -       O.  87     sin.  8Z. 

IV.  -        -        -      -1.  16.  26     sin,  2X-Z. 

V.  -        -        -       -        8.  52     8in.2X+Z. 

VI.  -        -        -      +      40.  18      sin.  2X 

VII.  -        -        -     +       12.  55     sin.  Y. 


VIII.  -         -         +        1.  47     sin.  Z-  r. 

IX.  -        -        -      -        1.  47     sin.  Z+TT 


X.        -         -        -      -        1.     6,8  sin.  2X-y. 
XL        -        -        -     —       0.  50,5  sin.  2X+Y. 


XII.        -        -        -    —       0.  12      sin.2Z-2X 


XIII.  -         -  +        O.     2,1    sin.4Z-4X 

XIV.  -         -•        -        0.  49,8   sin. 4X-Z. 

XV.  -        -        .    -        6.  41,5   sin.  25. 


XVI.  -        -  —        1.  28      sin.  25- 2X 

XVII.  .        -         -        1.  15      sin.  2S—Z. 

XVIII.  -        -       +        O.  46      sin.  25 +  Z. 


XIX.  -        -      -  +  2.  12      sin.  2X—Z-Y. 

XX.  -         -  +  2.  8        sin.  2  X—  Z  +  r. 

XXI.  -  -  +  O.  8        sin.  2Z  +  2X. 

XXII.  -        "  ~  0.  12,5  sin.  25— 4JSr. 


XXIII.  -        -       —       O.    29    sin.  4X-25-Z. 

XXIV.  -        -       -       0.    6,4   sin.  2X+Z-F. 

XXV.  .        -         _       o.    6,4  sin.  2X+Z+F. 


On  the  true  Place  and  Motion  of  the  Moon*s  Apogee, 

FIG.        ^^^*  I^  ^  ^  ^^^  mean  place  of  the  moon's  apogee  corrected  by  its  annual 

218.     equation,  Nn  the  major  axis  of  the  moon's  orbit,  E  the  earth,  F  the  center  of 

the  orbit,  EI,  EK  the  greatest  and  least  excentricity,  and  with  tiie  center  F 
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end  radius  FI  describe  a  circle  ICKB^  and  draw  AED  perpendicular  to  Nn  ; 
draw  ES  towards  the  sun,  and  make  the  angle  IFH^2NES^  and  draw  ££riV', 
and  it  gives  (909)  the  situation  of  the  apogee  corrected  by  its  annual  and  its 
great  equation.  Hence,  when  the  sun  is  in  the  apogee  N^  N'  coincides  with 
N;  when  EN'  becomes  a  tangent  to  the  circle  at  C,  FHE  becomes  a  right 
angle,  and  N'  is  then  got  to  its  limit ;  when  the  sun  comes  to  quadratures  at 
Ay  H  coincides  with  K^  and  N'  with  N;  as  the  sun  moves  from  quadratures 
A  to  the  perigee  n,  when  EN'  becomes  a  tangent  to  the  circle  at  J5,  N'  gets  to 
its  limit  on  that  side  of  N;  when  the  sun  comes  into  syzygies  at  n,  H  then 
coincides  with  /,  and  N'  with  iV,  and  the  period  of  the  equation  is  completed* 
The  same  takes  place  whilst  the  sun  moves  from  syzygies  at  n  to  JVT. 

960.  By  Art.  909.  the  principal  equation  of  the  apogee  is  the  angle  HEF; 
now  in  that  triangle,  we  know  EFj  FH  and  the  angle  EFH^  which  is  the  sup- 
plement  of  HFI^  or  twice  the  distance  of  the  sun  from  the  mean  place  of  the 
apogee  corrected  by  the  annual  equation  (90S)  j  hence,  EF+FH  :  JEF—FH:i 
tan.^  .  FHE  +  FEH:taLn.i  .  FHE^FEH;  and  if  we  take  EF:FH::S505  : 
1168  according  to  Sir  I.  Newton,  the  log.  of  ^JP-i^ff-log.  of  EFTFH::: 
-0,1871317;  hence,  if  from  the  log.  tan.  of  ^  .  FHE  +  FEH  we  subtract 

0,1871317,  we  have  the  log.  tan.  of  ^  .  FHE — FEH^  and  this  subtracted  from 
the  third  term  leaves  the  angle  HEF^  and  thus  a  Table  of  this  equation  may 
be  very  readily  constructed.  This  equation  of  the  apogee  added  to  its  place  as 
corrected  above,  whilst  the  sun  moves  from  syzygies  to  quadratures  of  the  ap- 
sides, or  subtracted  whilst  it  moves  from  quadratures  to  syzygies,  gives  the  place 
of  the  apogee  corrected  by  the  great  equation.  The  following  Table  of  this 
equation  and  of  the  excentricity  of  the  moon's  orbit  is  taken  from  Dr.  Hal- 
ley's  Astronomical  Tables;  the  argument,  called  the  Atmml  Argument^  is  the 
distance  of  the  sun  from  the  mean  place  of  the  apogee  corrected  by  its  annual 
equation. 
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961.  When  EH  becomes  a  tangent  to  the  circle,  the  equation  then  becomes 
a  maximum^  and  this  is  found  by  saying,  EF  :  FH  ::  rad.  :  sin.  HEF ;  after 
that,  as  the  point  H  approaches  K  the  equation  grows  less,  and  the  apogee, 
fio  &r  as  its  motion  arises  from  this  equation,  goes  backward,  and  therefore 
when  this  velocity  becomes  equal  to  the  mean  progressive  velocity,  they  will 
destroy  each  other,  and  the  apogee  becomes  stationary.  This  position  of  the 
apogee  might  be  determined  by  making  the  fluxions  of  these  two  angular  mo- 
tions equal,  but  such  a  method  would  be  very  troublesome  in  practice,  and  it 
^4sm  be  done  very  readily  from  inspection  in  the  Table,  by  the  method  of  trial 
and  error.  The  mean  motion  of  tiie  sun  in  a  day  is  59^  8',  and  the  mean  mo- 
tion of  the  apogee  in  a  day  is  d.  4^1"  \  hence,  in  a  day  the  sun  recedes  5i.  2T 
irom  the  mean  apogee,  considering  the  sun  as  moving  with  its  mean  motion, 
which  will  be  suflSciently  accurate  for  the  purpose  for  which  it  is  here  wanted  j 
in  the  time  therefore  that  the  sun  recedes  1^  from  the  apogee,  the  apogee  has 
moved  T'.  43".  Now  from  I'.  28®  to  r.  29**  of  argument,  the  motion  of  the 
itpogee  (from  the  equation)  has  been  retrograde  7'.  14",  and  from  l\  29**  to  2' 
the  motion  has  been  8'.  17";  hence,  the  regressive  motion  must  have  been 
equal  to  the  progressive  motion  somewhere  between  1'.  29®  and  2'  of  argu- 
ment. By  trial  and  error  therefore  it  is  readily  found,  that  with  the  argument 
1*.  29\  23'  the  motions  become  equal ;  and  this  will  appear  by  computing  its 
motion  for  a  very  small  increase  of  argument,  and  comparing  it  with  the  co- 
temporary  mean  motion.  Now  the  equation  to  the  argument  1*.  29°.  23'  is 
1 1^  42' }  hence,  1*.  29®-  23'- 1 1®.  42'=;47®.  41'  the  distance  of  the  sun  from  the 
true  place  of  the  ap<^ee  when  it  becomes  stationary  from  the  effect  of  its 
greatest  equation,  which  must  be  very  near  the  true  distance,  as  the  other 
equations  which  affect  its  motion  are  very  small.  In  the  passage  therefoi'e 
of  the  sun  from  about  47®.  41'  before  it  comes  to  the  apside,  to  47®.  41'  be- 
yond tlie  apside,  the  apogee  is  progressive  ;  and  from  42®.  19'  before  the  sun 
comes  into  quadratures,  to  42®.  19'  beyond  quadratures,  the  apogee  is  re- 
gressive. 

962.  In  half  a  day,  the  sun,  moving  with  its  mean  motion,  recedes  26'.  IS'^^S 
from  the  mean  apogee,  and  with  tliat  argument  (the  sun  being  so  far  from  the 
mean  apogee)  the  equation  is  found  to  be  9'.  12";  hence,  in  one  day  whilst  the 
sun  passes  through  the  apogee,  its  progressive  motion  has  been  18'.  24"  from 
the  equation,  to  which  add  6'.  41"  the  mean  motion  of  the  apogee  in  the  same 
time,  and  we  have  25*.  5"  for  the  progressive  motion  of  the  apogee  in  a  day, 
whilst  the  sun  passes  through  the  apogee.  The  same  is  true  when  the  sun 
passes  through  the  perigee.  When  the  sun's  distance  from  the  apogee  is  90®, 
the  equation  in  half  a  day  from  thence  is  14'.  11",  therefore  in  a  day  whilst  the 
wn  passes  through  quadratures,  the  equation  is  28'.  22',  giving  that  regressive 
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DOCK  ;  hsDct^  28.  sa'-S.  4r=2i'.  41"  •  the  regressive  motion 
iL  ae  SBr«  :a.  a  Jiix  viitsi  tke  sm  passes  its  quadratures.     It  appears  then 
T^r:-  .irD-ie,  dm  the  progressive  motion  of  the  apogee  in  syzygie* 
:iiL2.  -jjt  rtgreasve  motion  in  quadratures ;  and  that  in  a  whole  revo* 


juruii  ^E  .j^  SSI  iMk  nespect  to  the  apogee,  it  is  progressive  for  a  longer  time 
zjifci  i  is  ri^iSdiTe.  This  is  the  meaning  of  what  Sir  !•  Nekton  has  delivered 
-  Ccr.  i.  Pr-  •:-:•  lib.  1 .  He  says,  Manifestum  est  quod  apsides  in  syzygiis  suis, 
jer  V.Z1  z^.^rSAm^  progredientur  velocius,  inquequadraturis  suis  tardius  rece-^ 
Oc^:  per  \iai  audititiam.  Ob  diutumitatem  temporis,  quo  velocitas  progressus 
T^L  Liriius  rc^ressus  continuatur,  fit  hsec  inequalitas  long^  maxima.  It  must 
be  acknowledged,  however,  that  what  he  has  here  advanced  is  no  immediate 
consequence  oi  any  thing  which  he  has  before  investigated. 

963.  Some  of  the  principal  equations  of  tlie  moon's  motion  (349  ....  354)^ 
were  discovered  by  observation ;  but  Sir  I.  Newton  having  found  that  the 
moon  was  retained  in  its  orbit  by  a  force,  which,  at  different  distances  from  tHe 
earth,  varied  inversely  as  the  square  of  the  distance t ;  and  concluding  from- 
analogy  that  the  same  law  of  attraction  might  take  place  between  all  the  bodies 
in  the  system,  applied  this  theory  (called  the  Theory  of  Grcwity)  to  compute 
tlie  effect  of  the  sun's  attraction  upon  the  earth  and  moon,  so  far  as  it  might 
affect  the  relative  situation  of  the  latter  as  seen  from  the  former;  and  hence  he 
discovered,  besides  the  irregularities  before  observed,  other  smaller  inequalities 
of  tlie  moon's  motion,  which  also  were  found  to  agree  with  observations.  From 
tliese,  and  other  applications  of  his  theory,  he  was  confirmed  in  his  conjectures 
concerning  the  principle  of  universal  gravitation  ;  and  the  same  principle  hav-' 
ing  since  been  further  applied,  and  found  to  produce  conclusions  conformable 

♦  Sir  I.  Newton,  in  the  first  edition  of  his  Principia,  page  462,  has  given  the  following  Scholium. 
Hactcnusdc  motibus  lunae  quatcnns  txcentricita^  orbis  n<m  consideratur.  SimthhiK  computationibus 
iaveni,  quod  apogazum,  ubi  in  conjunctione  vel  opposilione  8olis  versatur,  progrcditur  singulis  die- 
bus  23' ropcctu  £xaru  in ;  ubi  vero  ill  quadraturi^est,  reg^reditiir  singuhs  diebus  16J' circiter:  quod- 
c|ue  i])sius  niotus  niedius  annus  bit  (juasi  40^  Per  Tabulas  A>tronoaiicas  d  Cl.  Flamsteoio  ad  hypo* 
thesiin  Ifouuoxii  accommodatas,  apogaHitn  iu  ipsius  syzyijiis  progreditnr  cum  niotu  diunio  24.  28", 
jn'qiMklruturisautem  regrcdilur  rum  molu  diurno  20'.  12',  et  molu  medio  annuo  40".  41'  fcrtur  in 
const queiilin.  Quod  differentia  inter  motuui  dinmum  ]Mxvressivum  apoga?i  in  ipsius  syzygiis,  et 
luotum  diunuim  regressivuni  in  ipsius  quadraturis,  |x?r  Tabulas  sit  4'.  IG",  per  computatioacm  rerd 
nostrum  Gf ',  vilio  Tabularuni  tribuendum  esse  su^picamur.  S.<f  nc<|ue  coniputationem  nostram  satis 
a  curalam  esse  putamus.  Nam  ralionem  quandam  ineundo  prodiere  apoga'i  niotus  diurnus  progres«> 
shrus  in  ipsius  fyJcygii*,  et  motus  diurnus  rei;u>si\us  in  ip>ius  quadraturis,  paulo  niajores.  Compu* 
tationes  autem,  ut  niraia  pcri>le3Uis  «t  approximationibus  impeditas,  nequc  satis  aceuratas,  appo^iere 
lUMi  lubet. 

f  Sir  I.  Newton  found«,  that  if  djc  force  with  which  ho«iies  fill  upon  the  earth's  surface  were  ex- 
ttndc<I  to  the  moon,  and  to  vary  iiivcrse^y  as  the  square  of  the  distance  troin  the  center  of  the  earth,  it 
would  in  one  minute  draw  Ihe  moon  through  a  sj>ace  which  i>  ei^uaStuthc  versed  sine  of  the  arc  which 
the  nH>cn  describes  iu  a  minute.  He  conchtded  therefore  thr.t  the  m-  on  was  retained  in  it5  orbit  l»y 
tilt  tiime  force  as  that  by  which  bodies  are  attracted  xipon  the  earth. 
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to  observation,  his  theory  of  gravity  is  now  firmly  established.  In  the  year  1747, 
M.  Clairaut,  in  a  Memoir  read  before  the  Academy  of  Sciences  at  Paris, 
made  an  objection  to  this  law,  upon  this  ground,  that  it  would  not  accbuiil: 
for  the  motion  of  the  moon's  apogee,  it  giving,  according  to  his  calculations, 
that  motion  only  one  half  of  what  it  was  found  to  be  by  observations ;  and  he 
concluded,  that  it  was  necessary  to  change  this  law,  by  adding  something  to 
correct  it.  He  however  soon  afterwards  discovered  his  mistake,  and  was  the 
fii'st  who  gave  a  complete  theory  of  the  moon,  in  which  he  showed  that  Sir 
I.  Newton's-  law  of  gravity  would  not  only  account  for  the  motion  of  the 
moon's  apogee,  but  also  for  all  the  other  irregularities  of  the  moon.  M. 
£uL£R  has  done  great  justice  to  M.  Claihaut  upon  his  solution  of  this  im- 
portant problem,  in  a  letter  to  the  Rev.  Mr.  Caspar  WetsTetn  ;  in  which  he 
observes,  that  "  this  question  is  of  the  last  importance ;  and  I  must  o\vn,  that, 
till  now,  I  always  believed,  that  this  theory  did  npt  agree  wnth  the  motion  of 
the  apogee  of  the  moon.  M.  Clairaut  was  of  the  same  opinion  ;  but  he  has 
publicly  retracted  it,  by  declaring  that  the  motion  of  the  apogee  is  not  con^ 
trary  to  the  Newtonian  theory.  Upon  this  occasion  I  have  renewed  my  en- 
quiries  on  this  affair ;  and,  after  most  tedious  calculations,  I  hav^  at  length 
•found  to  my  satisfaction,  that  M.  Clairaut  was  in  the  right,  and  that  thii; 
theory  is  entirely  sufficient  to  explain  the  motion  of  the  apogee  of  the  moon. 
As  this  enquiry  is  of  the  greatest  difficulty,  and  those,  who  hithferto  pretended 
to  have  proved  tiiis  nice  agreement  of  the  theory  with  the  truth,  have  been 
much  deceived,  it  is  to  M.  Clairaut  that  we  are  obliged  for  this  important 
discovery^  which  gives  quite  a  new  lustre  to  the  theory  of  the  Great  Newton; 
and  it  is  but  now,  tiiat  we  can  expect  good  Astronomical  Tables  of  the 
moon."  Sir  I.  Newton  in  his  Principiay  Lib.  I.  Prop.  45.  Cor.  2.  by  assum- 
ing tKe  mean  force  j^^-^^^.^^^^  ^  £jj/)  of  the  moon  to  the  earth  in  the 

direction  of  the  radius  AIE^  and  considering  that  force  as  acting  for  a  whole 
revolution  of  the  nioon,  finds  (855)  the  motion  of  the  apsides  to  be  only  one 

halfofthe  real  motion;  for  this  force —ip—^w  x  EM  =^ ^MzLJ^^'^.E^ 

gives  the  distance  of  the  apsides  =  1 80"*  x  y/ ^  ~^^.^  i  gO°  x  ^  1  ^Im  =  1 80^^ 
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X  1  -f  i  w,  and  consequently  the  motion  is  1 80°  x  j  rn  ;  whereas  (903)  the  true 
motion  is  180*"  x^m.  But  in  tliis  he  has  neglected  that  part  of  the  force  in  a 
direction  perpendicular  to  EM^  and  which  is  found  to  produce  the  other  half 
of  the  motion  ;  and  Sir  I.  Newton,  in  this  place,  intended  only  to  show  what 
part  of  the  motion  the  mean  force  in  the  direction  of  the  radius  would  produce. 
In  Lib.  III.  Pr.  3.  he  says,  that  "  the  action  of  the  sun,  so  far  as  it  draws  the 
moon  from  the  earth,  is  twice  as  great  as  he  has  assumed  it  above;"  by  which 
he  does  not  mean  that  he  has  assumed  the  mean  force  (-^  m  x  EM  J  of  tfad 
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miti  too  frttle  by  6be  half,  bilt  tltat,  ^  it  would  reqoife  twice  sucfc  U  iitc^  d£ 
tfite^xi'  to  give  Ae  trae  motion  of  the  apsides,  the  force  which  acts' ill  a  %ec- 
ticU 'per]>ehdictt!ar  to  the  raditis'  EMj  must,  in  its  effects  upon  diui  6e»cask>D, 
be '  equivalent  to  the  force -^^  mx  EAf  in  the  direction  of  the  radius^  In  the 
firi^  edition  of  the  Prtncipia^  in  the  Scholium  to  tiie  Theory  of  the  moon,  he 
said  that  lie  had  found,  by  a  very  complex  calculation,  that  the  mean  annual 
motion  of  the  apogee  was  about  40^;  and  that  the  diurnal  motion  of  the  apo- 
gee, when  in  syzygies,  was  progressive  about  28',  and  when  it  was  in  quadra- 
tures, it  was  regressive  about  16^'^  this  he  omitted  in  his  future  editions,  as  he 
was  not  perfectly  satisfied  with  his  computations.  Mr.  Machin,  in  his  Laws 
of  the  MotnCs  Motion  according  to  Oravit^^  makes  the  mean  annual  motion  of 
the  apogee  to  be  40°.  40'.  40^%  upon  a  principle  which  he  first  suggested,  and 
upon  which  we  have  in  this  Work  computed  that  motion,  according  to  the  me^ 
thod  given  by  Faisr.  M.'  Walmslet;  in  his  Theory  of  ike  Motion  of  the  Ap^ 
sides^  has,  upon  the  same  principle,  computed  tlie  mean  motion  of  the  moon^s 
apogee,  and  his  conclusion  agrees  very  well  with  observation ;  but  his  prin* 
ciples  are  altogether  wrong ;  for  he  has  entirely  omitted  that  part  of  the  force 
whidh  acts  in  a  direction  perpendicular  to  the  radius,  which,  as  we  have  shown', 
produces  Jtrst  one  half  of  the  motion ;  he  also  assumes  the  mean  disturbing 
fbrce  in  the  direction  of  the  radius  as  acting  constantly,  instead  of  the  real  dis- 
turbing force ;  and  he  has  also  wrongly  computed  the  periodic  time  of  the 
moon ;  it  was  by  accident  therefore  that  he  obtained  the  mean  motion ;  in  re^ 
qpect  to  the  true  motion,  his  conclusions  are  erroneous.  Mr.  Machin  has  not 
given  us  his  process ;  we  cannot  therefore  say  how  far  it  was  just.  In  the 
PML  Trans.  1751,  Mr.* P.  Murdock  has  given  a  method  of  computing  the 
mean  motion  of  the  moon's  apogee,  by  first  considering  only  that  part  of  the 
disturbing  force,  which  acts  in  the  direction  of  the  radius ;  and  then,  instead 
of  supp«rfng  the  earth  to  be  at  rest,  by  conceiving  the  earth  and  moon  to  re- 
volve about  their  common  cent^  of  gravity,  he  imputes  about  one  half  the  mo- 
tion to  that  dause,  and  thence  deduces  a  conclusion  agreeing  nearly  with  ob- 
aervatlon.  What  wfe  have  already  observed  in  Art.  861.  is  sufficient  to  show, 
diat  no  part  of  the  efiect  can  arise  from  the  latter  circumstance ;  and  he  has 
also  (as  we  have  already  shown)  omitted  a  cause  which  produces  about  one 
half  of  the  motion ;  by  two  mistakes  he  has  therefore  fallen  upon  a  true  con« 

dusion. 

964.  Now  to  bring  into  One  point  of  view,  the  sources  of  all  the  equatioila 
which  we  have  here  found,  we  may  consider,  Jirst^  the  equation  of  the  center^ 
which  arises  from  the  elHptic  form  of  the  orbit  Secondly  we  may  consider  that 
the  disturbing  fbrcis  would  change  a  circular  orbit  into  that  of  an  ellipse, 
having  the  earth  in  the  cekiter,  with  the  minor  axis  lying  in  syzygies,  and  ther^ 
fore  ^e  moon's  orbit  must  suffer  very  nearly  a  similar  effect ;  the  areas  (849^ 
we  alao  accelerated  and  retarde4}  and  from  thesis  causes^  tfaie  mean  place  diStH 
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from  the  true  i  ^^^^^^^  there  is  produced  :^9,eqiiatioD,  called  the  yariatiMf.    ]^at 
at  ^i^ei'ent  distances  of  the, earth. A'j^>^th|&  sun^.  the>disturbing  fqrc€|s  vaiy|^ 
this  equation  therefore  being  first  caiculs^ted  fox  the  mean  distanfe  oi^'.th^.eaiflJl^ 
firopi  !the  sun»  will  be  subject  to  a  variation,  frooi  the  variation  of  that  dif tol^c^.) 
and  hence  arise  some  new  equations.    ■Tkir.dlyf  the  mooi>^B  orhit  being  :di|ajLed 
and  contracted  as  the  earth  approaches  to^  or  recedes  frooc^.^he  w^?'^^  iqiotipn 
will  accordingly  be  diminished  or  increased,  and  hence  arises  an,^^n>ial  equar 
tion,  assigning  the  difference  between  the  mean  motion  at  the  mean  distance  (^ 
the  earth  from  the  sun,  and  the  mean  motion  at  any  other  distance  of  thesi^ 
Fourthfyj  the  variation  depending  on  the  true  distance:  of  ^p  sun  fi:op  the 
moon,  if  the  mean  distance  at  first  used  be  corrected  ^by.  the.  first  term  of  the 
equation  of  the  center,  and  by.  the  .^jfnual  .equation,  new  equations  of  the.va^ 
riation  will  arise.    And  if  the  second  ^^m  pf  the  equation  of  the  center  be  also 
taken,  and  applied,  there  will  thence  arise, further  equations  of  t)ie  v^riation^ 
Also,  if  the  distance  of  the  moon  from  the  sun  be  further  corcectedfby  tlie 
evection,  new  equations  will  be  introduced  into  the  variat^)n.    Agaijq^  anpther 
correction  of  the  variation  n^ay  be  introduced,  by  considering,  tl^  d^erejipce 
between  the  disturbing  forces  arising  from  the  situation  of.  4%er.nf^^^pgfj^e 
lunar  orbit.     Thus,  by  correcting  tlie  moon's  distance  from  t^  sun^  flrom  1^4^ 
was  first  assumed,  we  get  new  equations  of  the  variation*     Fijfihfyj  Uiwe  orbJ»t  qf 
the  moon  being  inclined  to  the  ecliptic,  the  disturbing  force  in  the. orbit. is,  (Af- 
ferent from  what  it  would  be,  if  the  orbit  coincided  with  the  ecliptic,,  and  t^ 
difference  of  forces  will  produce  another  equation,  depending  on  the  situation' 
of  the  nodes  in  respect  to  the  sun.     Sixthly ^  the  disturbing  forces .  cause  ~a 
motion  of  the  apogee ;  but  that  motion  is  not  uniform,  it  being  regressive 
when  the  sun  is  in  its  quadratures,  and  progressive,  when  in  syzygie^  but  axpop 
the  whole  it  is  progressive ;  there  arises  therefore  an  equation  of  Al^e  jpaodon  of 
the  apogee,  which  depends  upoi)u  its  distance  firom  the  siiof  tbcfe.^  s^lso  a 
smaller  annual  equation,  arising  from  the  disturbing  forces  being,  di£Serent  at 
different  times  of  the  y ear^    SeventJily,^  the  excentricity  of  ^e  orbit  is  3ubjeqt 
to  a  change  and  that  change  causes  a  change  of  the  equation  qf  tlie  cen^K,. 
oi^led  the  evection^  hence  arise  new  equations  to  be  applied,,  dependjing  on  ,th^* 
^ityatiou  of  the  apogee,  the  change  of  excentricity  depending  op  that  circum,-* 
stance.' ,    EigMili/i  the  ev^tion  at  the  mean  distance  of  the  earth  from  the  swjl^ 
being  found,  the  disturl^ing  force  of  the  sun  at  different  distances  frofli  t^ 
€^h  bping  different,, equations  of  the  evection  will  hence  adse..  ,  Aisp,  the  dis- 
turbing fierce  varies  as  the  situation  of  the  nodes  vary^  and.,henc€)  aisoi^s^ 
new  equations  of  the  evection.     Lastly^  if  the  distaiiqe  of  ;the  mooUj  froiix  .tl^ 
sun  be  corrected  by  the  annual  equation,  and  the  motion  o^)the  moqi^  fi^pm  tl)^ 
apogee  be  corrected  by  the  same  equation  of  the  mean,  motion,  and  by  tl^ 
annual  equation  of  the  apogee,  further  equations  of  the  evection  ai*e  ^und. 

Thy^,  by  correcting  the  first  assumed  values  of  iho-,quan4t)^  xepresenting  tlji^ 
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several  sources  of  the  equations,  new  ^juations  arise,  which  niay  be  considered 
as  corrections  of  the  original  equations ;  and  hence  we  derive  the  equations  of 
the  moon's  motion,  which  applied  to  the  mean  place,  will  give  the  true  place. 
Sir  I.  Newton  calls  the  equations  Men^truce^  Scmestres^  Annuttj  ^.  according 
to  the  periods  in  which  they  return.     The  mean  motion  of  the  nodes,  and  the 
mean  inclination  of  the  orbit,  are  also  corrected  by  equations  found  upon  simi- 
lar  principles,  which  applied  to  the  mean  place  of  the  node,  and  mean  inclina- 
tion, give  the  true.     The  conclusions  thus  deduced  will  be  found  generally  to 
agree  very  well  with  tliose  which  are  derived  from  a  direct  solution ;  the  few 
cases  where  they  were  not  sufficiently  accurate  for  a  ground  of  computation, 
we  have  pointed  out,  and  corrected ;  but  in  whatever  manner  this  subject  is 
treated,  some  corrections  are  applied  from  obseirvations,  in  order  to  render  the 
equations  more  perfect;  not  that  the  principle  of  attraction  is  insufficient  to  fur- 
nish  conclusions  which  shall  agree  witli  observations,  but  that  the  method  of 
deducinj^  those  conclusions  being  only  by  approximation,  small  errors  are  intro- 
duced, which  are. easier  to  be  corrected  by  observation,  than  by  continuing  such 
lat)orious  calculations  in  order  to  a  further  correction*.  Mayer's  Tablest,  found- 
ed upon  a  very  elegaot  theory  which  he  corrected  by  observations,  do  not  err 
more  than  half  a  minute  in  longitude ;  but  we  have  now  more  correct  Tables  j 
«ee  Vol.  III.    Tlie  method  however  by  which  we  have  here  treated  the  subject, 
has  this  advantage,  that  it  shows  the  causes  of  all  the  equations,  and  thereby 
gives  a  very  clear  and  comprehensive  view  of  the  whole  business.  Thus  we  have 
given  the  reader  all  the  satisfaction  we  are  able  upon  this  difficult  subject,  with- 
out entefing  into  a  direct  solution  of  the  problem,  which  requires  the  integra- 
tion of  a  fluxional  equation  of  the  second  order,  and  this  can  be  done  only  by 
an  approximation  of  a  very  intricate  nature,  and  of  great  labour ;  see  Chapter 
XXXVII.     By  so  treating  tlie  subject,  we  obtain  the  following  very  important 
conclusion,  wjiichtwas  first  observed  by  Mr.  Simpson  :  That  as  no  ter;ns  enter 
into  the  equation  of  the  orbit,  but  what  consist  of  the  cosine  of  an  arc,  or  of 
its  multiples,  all  ttie  terms,  by  a  regular  increase  and  decrease,  do  after  a  cer- 
tain time  return  again  to  their  former  values,  and  therefor^  the  mean  motion  of 
the  moon,  and  the  greatest  quantities  of  the  several  equations,  undergo  no 
change  from  gravity;  * 

*  Mayer  in  hU  Theoria  Luna,  page  50,  makes  tbis  oljservation.  Preeterca  iu  ^adem  hac  formuW 
plurei  termioi  occurrunt,  quos  theoria,  licet  summo  studio  tractata,  accurate  praebcre  noii  potest  ob 
rationes  nulli  non  cognitas,  qui:  in  hac  re  vires  suas  ac  patientiam  exereuit.  Hosigiturtenninos  uia- 
kii  ex  observationibus  dcfinire,  quam  illortim  gratia  calculum  ttediosissimutn,  d  me  jamduduui  longe 
accurtitius  institutum,  quam  d  quoque  hnotenus  factum,  ulterius  adhuc  persequi,  fiovisque  ac  forte  in*> 
superabilibus  augere  difficuUatibus.  Denique  etiam  eos  terminos,  quos  theoria  satis  manifcste  osten* 
•dit,  per  observatiooes  ita  corrext,  ut  paucis  secundis  adjectis  vcl  demtis  cum  coek>  magis  consentirent. 

t  Ab  corrected  by  Dr.  Maskelyne.     See  the  Preface  to  the  Nautical  Almanac,  ,1797,  ^c. 
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ON  THE  FIGURE  OF  THE  EARTH. 

• 

Art  965.  XF  a  fluid  body  had  no  motion  about  its  axis,  and  all  its  parts  were 
at  rest  and  kept  together  by  the  mutual  attraction  of  its  constituent  particles^ 
the  body  would  form  itself  into  a  sphere;    for  the  pressures  of  all  the  columns 
upon  the  central  particle  could  not  be  equal ,  unless  they  were  all  of  the  same 
fength.    Now  Sir  !•  Newton  having  proved  that  the  bodies  in  our  system  at- 
tract each  other  with  forces  varying  inversely  as  the  squares  of  their  distances,, 
concluded  it  to  be  an  universal  principle  for  every  particle  of  matter,  and  that 
the  parts  of  each  body  were  kept  together  by  the  same  power  (835).     On  this 
supposition  therefore,  if  the  earth  were  a  fluid  body,  and  perfectly  at  rest,,  its 
form  must  be  that  of  a  sphere.     But  as  the  earth  revolves  about  an  axis^  each 
particle,  besides  its  gravity,  will  be  urged  by  a  centrifugal  force,  by  w.t^ich  ^e 
particles  will  all  have  a  tendency  to  recede  from  the  axis ;  and   heiice,  M. 
HuYGENs  and  Sir  I.  Newton  concluded  that  the  earth  must  put  on  a  spheroidi- 
cal form,  whose  polar  diameter  is  the  shortest*     For  let  POp  be  the  axis,  EQ     ^J^ 
the  equator,  draw  abm  pei^pendicular  to  Pp,   and  let  bm  represent  the  centrifu- 
gal force  of  the  point  ft,  and  resolve  it  into  two,  one  bn  in  the  direction  of  the 
tangent,  and  the  other  mn  perpendicular  to  it.      Then  the  force  b?i  draws  the 
fluid  from  p  towards  £,  and  consequently  it  will  diminish  the  radius  pO  and  in- 
crease the  radius  EO.     We  shall  therefore  fii'st  consider,  what  will  be  the  form 
of  the  curve  PEp,  and  then  determine  the  ratio  of  pO  to  EO^  according  to 
the  principles  of  M.  CLAiRAUT,in  his  Treatise,  entitled,  Ihtiorie  de^la  Figure  de 
la  Terre^  who  has  follo\v;t;d  AJacLaurin  in  his   investigation  of  the  attraction 
of  a  corpuscle  upon  tlie  surface  of  a  spheroid,  in  directions  parallel  fo   each  . 
axis. 

966.  Let  P/7,  Qa  be  two  concentric  circles,  O  the  center,  draw  PQOapj  and  fig. 
mQM,  ai\  perpendicular  to  it,  and  join  J/r,  and  make  the  angles  aQb^  aQc^  ^^^* 
r3/^,  r3/ti^  equal,  then  Qi-rQc  =  J/54- J/tt.      For  from  tlie  construction,  3/r 

is  parallel  to  Q^,  and  hence  Mr^^Qji ;  draw  rt  perpendicular  to  Ms^  and  take 
rv—rs.  Then  as  the  angle  rJUtz::aClbj  rtM:^ab(ij  and  A/r  =  Qfl,  we  have  J// 
=:Q/a  Now  as  the  angle  ^J/rzzwJ/r,  the  chord  niy= chord  r5;=;n;;  therefore 
the  triangles  MrVj  Afrxvure  similar  and  equal}  hence^  Mwzz Mv ;  consequently 
Mic-i-Ms:=zMv  +  Mszz2Mt=2qh  =  Qb  +  Qc.  .  . 

967.  Now  let  us  suppose  this  figure  to  be  orthographically  projected  upon  a 
plane  passing  througli  A/my  and  the  two  circles  will  be  projected  into  similar 
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•1l%l0<»'IMNk  teemai*  gvettef  'ibiU'litt  mug^  rM»  of  ifte  s«gtttto^"Jlb  >*iB  fie 
on  the  other  side  of  i/,  or  «  £iUs  in  die  arc  MPmi  in  wfaicb  tas^y  Mf*^  3tm  r= 

rio.     ^^96g:"^fiie  tilKMaAiftt>'kt4t  lHHfude  M  j<  towti^  »y  p)ntnM' ift!«sr,  flie 

216.    ami;  tii>iti  ttf^whOie  blii|»  ift>fndefinitely  nnall,  yhni»lui  dke  liN^,  f}i«''ah^'i( 

bdi^^vM^  itni  the  fattnujtfoli  to  each  |laAicle  vaf^mg  ih^Klr^j^iu^  the^qnte 

«rtiie ttaumee,    il»r pot «tslbfewfe)i  snw,  msiJty  ^a-Ai'^'tud:  iet'ab  ^» 

section  racaUet  and  iher^Ae  aimiiar  to  xa? ; ,  tiben*  is* :  Jr* : :  a  :  —  =  the 


iW 

attractaoB 


iidnoft;  Kende,!!^='lhWi!8^&''^:iriif;iitf  &e  fluxioi,  of  the' 

4Jimmi\itsi»m-it.  -  Hei)fto;'dieiKa«efi^  4f  doi^iNteciiM  at  the'vertieeA  of  sRiihr 
^tkM»ki^\jt^^pHi^imtoik'Wfti^ teii^\L  '  If»J^%M^^We gdtthe attiactioB io 

'969^.  Ileb^,  if  «ff^  c^rpef^^e^  be  siiMlatfy  ^tuMedihi MPtitpect  tb- t#b'^m{Utr 
Mlids,  lie'  MoMHioisi  to  the  sofids  wiH  be  as  tfadr  tettgHKA'.  ■  Foir  if  th&  tvo 
solids  \it  divided  InWshnilar  pyramid  s , having  ffa<e  «oit>tide)b^  !^  th(i  Vertices, 
th^  HKMtudSifdii  tb  ^'fhe  cerrd^ndflig  pyrsinidB  tvfU  be  aii  th^if 'tengthsV  or^s 
Cbirleogaift^f  ih6V>Iid^$  fbf  the  pjrattiids'being' tfimlM^Iy  sittla^  in  tii^^tVifb 
^iHnaar'keliasj' tfieif  \tti0lbm  must  be  in  {i^pdrttofe' t6  the  length^'bf  "the 
MfiiAi,  inA.  'tk^rbfiH-e'  the'  whole'  attractioas  tHM  be'  in  prOportiol!  't<^'tffe 
i^igths  'bf  the  tibfids ;  or  iti  proportion  ttyiiurf  two' lines  siihilarly  iiktAd^d'ib 

Fio.  970.  Let  Fig.  217.  be  the  projection  describM^  AVt.  967.'  And  malcef'-flfe 
217.  a«i^e^K2t;;  »(?j^,  sMj^^'xtM*  Ina^tAtilf  ^miffllito'te^,^!^'  cbtateive'-'the 
wfaole<%i^re  -to  i^volv^  aboiit  'Mid  thrbn^  ati'ihd^nftieljr'krih^aA^ll^,  ^ 
the  pyraniidi|,genehited  bjr  ^Qt^  90^^i«^a',.ttjj/lifo,bping-a»mMw^  tfr^  atti^fitiqw 
of  the  corpuscles  it  Q  and  M  towards  them  will  (968)  be  as  their  lengths. 
But  Qb  +  Qfi=:iMS'i-Mwi  9t  J/l—  Afit>  wb^^u;  &Ub  on  the<otber  sidct'of  Af:; 
hence,  the  attraction  of  Q  to  the  pyramids  generated  by  bQVy  qQg  is  equal  to 
the  attrtK!tion  of  ^toMirftfdtf 'file*' pyramids  genehited  by  sMXftoM:iy  dic^  at* 
traction  to  wMfi  beii;^  requeued  negative  when  vo  li,e^  on  the  other  $[de  of  M. 
Hence,  if  each  attraction  be  divided  into  two,  one  perpendicular  to  Mm,  as 
hiy  cq,  STf  tt^,  and  die  other  parallel  to  Mm,  then  from  similar  triangles,  bn 
+cq=sr  +  zty,  consequently  the  attractions  of  the  corpuscles  at  Q  and  ^  in  a 
direction  perpendicular  to  Mm  are  equal.    And  as  this  reasoning  holds  for 


^jaiy  #ttch  oonre^nding  poaitieM  «f  pyranfids  al^ut  Q  aiid  Ji/y  itiffrfloffA  HiaC 

|^e^ilttl!Mtien.QfUie  oorpu8des:at  <2  j^id^i/  la  the  #hole 'solida gftimit^l^y 
.:l(2m4l^  vPf(p/  about  Mm  thrcmgh  an  indefinitely  small  angle^  ia  dkMtiiN|f^|(|p- 
j)9ildicul|^r  taJJmi  wlU  be  equal;  ' .    ^     t  vfi  n* 

971.  Now  let  Q^aflf,  Pupt  be  two  similar  spheroids,  and  conceiv^$IV0<|i^e 
^(^t^  pans  tihrpug]) .  t|^e  center,  and  Mm  to  be  perpendicular  %o  ^  -  rplheiil^eiy 
vpl^ne  which  passes  through  Mmj  cuttii^  the  two  sphercnds^^wiill  ^^-  auiailiur . 

^ipse4 ;  henoe^  by  the  last  Article,  if  we  conceive  any  two  of  'thQ$9^^pjlsMilf»^..to 
be  inclined  to  each  other  at  an  indefinitely  small  angle,  the  attraction  of  the 
corpuscles  at  Q  and  Af  in  a  direction  which  is  perpendicular  to  MfHj  towards 
thib  solids  between  these  planes  in  the  two  respective  spheroids,  will  be  equaL 
Hence,  by  the  resolution  of  forces,,  the  whole  attraction  of  a  corpuscle  at  Q  in 
the  direction  QQ  towards  the  spheroid  Qecul  is  equal  to  the  attraction  of  a  cor- 
puscle at  M  in  a  direction  parallel  to  ^  towards  the  spheroid  Pupt.  In  like 
manner  it  appears,  that  if  Tefhe  drawn  parallel  t6  itlie  axis  Ppj  t^e  iDttmtCtton 
of  a  corpuscle  at  e  in  tlie  direction  eO  towards  the  spherpid  eia€^rig;$jqutt)<to 
the  attraction  qf  a  corpuscle  .at  7"  in  a  direction  parallel  tq  fOi|(%iB|ffi^  ^ 
spheroid  uptP.  ,    , 

972.  The  attraction  of  a  coi7>uscle  at  P  towards  the  spheroid  Piipl  is  *f o  the 
attraction  of  a  corpuscle  at  Q  towards  the  spheroid  Qead :\  PQ  :  !^0^  ^r^For 
conceive  two  similar  pyramids,  whose  bases  are  indefinitely  small,  to  be- simi- 
larly situated  in  the  two  spheroids,  having  their  vertices  in  P  and  Q;  then  (968) 
the  attractions  of  the  corpuscles  at  P  and  Q  will  be  as  thdr  lengths,  or  as  PO 
to  QO  from  their  similar  situations.  Hence,  if  we  resolve  the  attraction  of  eaeb 
into  the  direction  PO,  QO,.the  attractions  in  this  di^rection  will  stiil  be  as  PO 
to  QOf  from  the  pyramids  being  equally  inclined  to  PO  and-QO. ;  Thoneftfe 
by  di j^iding  tbp  whole ,  of  each  spheroid  into  similar  pyramids,  it  ibllo\fs  it)iat 
the  attraction  of  the  corpuscles  at  P  and  Q  to  the  centers  of  their  respective 
spheroids  Wi^^  be  ^jP<;<;,42p,..     .    ,  , 

973..  Let  PjPpUJtff^yj^n^i^llipse^  Pp  the  minor  and  £27the  ms^r  .^xis^  liraw     fig. 
JklG  perpendi,9;ular,t9  ithfs  icurye,  MT  a  tangent  to  it,.  andJI^Q,  .A/i^perp^^    218» 

dicular  to  OP  ahd  WC,    Now  QT:  QMaQM  :  QGn^^,  and  by  the  pro- 

Iterty  of  the  ellipse,  02?  :OPx  OP  :  OQ=yS^;  hence,  QG  :  OQ  ::  ^^*  : 

ri_:Q4/rx  ^,.;  OP*;  but  from  the  second  |»o|>prtion,  OT  :  OQv.OP*. 
:  OQ';  hence,  Ot :  TQ:: OP'  :  OP* - CCt  =  OP+OQ x  OP-OQ  =:pQ x 

^^  ■__  "*0'*'^-    *■* 

PQ:\  OE"  :  QAr%  therefore  £>£*  =  Q J/*  x£«;  hemQjQPtOQi.OE' :  0P% 

OE^  ■"■■'••"■  =  ''"■' 

consequently  QQ  =  — r^  x  OQ.  ... 

VOL.  II,  K 


*$0  0^  j^^jofiutcf^  OF  T»£  ^mru. 

97f4^  .A  fluid  hody  v^i^  preserve  its  A^wt^  if  the  direcdon  of  its  gravky  at 
ty&f^^fiMk  be  perpendiculiur  to  its  sur&ce ;  for  then  gravity  cannot  put  its 
auifaee  in  motion. 

'  '975.  If  the  particles  of  an  homogeneous  fluid  body  attract  edch  bther  with 
ivcfa^  varying,  invwiely  w  tbi^  ^uares  of  their  distances,,  and  it  revolve  about 
nu  aji0»  it  will  put  on  the  focm  of  a  iqiheioid.  For  if  FEpU  he  a  fluid,  J^p  its 
axis  ^out  which  it  rev^olves^  then  may  the  qsheroid  revolve  in  such  a  time^ 
ihat  th^  jcentrifiigal  £>rcn  of  any  particle  M  combined  with  its  attraction  to 
the  splieroid  may  make  this  whole  force  act  perpendicular  to  the  surface*  For 
let  JExtbe  attraction  at  the  equator  Ey  P=:that  at  the  pole  JP,  2^=:th^  cen« 
trifiigal  force  at  the  equator.  Now  (971)  the  attraction  of  M  in  the  directum 
J/i23;:,the  attraction  of  Qto  ^  spheroid  sunilar  to  FUpE  whose  semi-axis  is 
QQy  an4  (97f})  the  attractions  at  P  and  Q  upon  these  similar  ^heroids  are  as 

QO  :  PO ;  hence,  die  attiractiDri  of  Min  the  direction  MR  is  P  x  ~^/  take 
Mrzf,ibi^fiun,pii^.,  \  Vv  the  same  reason,  the  attraction  of  Jl^  in  the,  direction 
JifQi^^a^x^^.    ^utthe  centrifugal  forces  of  bodies  revolving  in  ecfual  times 

OR 

.}^f^S^9^  ^^beur.rftdii*!  we  have  OE  :  QM^  or  OJB,  ::F  :  Fx  —^  the  centrifugal 

force  ofM;  hence,  .STPx  /rt^the  whole  force  of -W  in  th^'tliriBCtion  3/Q; 

take  Mg s:this  quantity.     Complete  this  parallelogram  Mrqgy  and  Mq  will  be 

the  4ireotiQn:of  tli|S  whole  three  acting  on  the  particle  at  M.    Piodyce  Mq  to 

G.     It  remains  therefore  only  to  be  proved,  that  0£,  OP  may  have  such  a 

.  nUio.tOKoach  other,  that*  i/Cr  shall  be  every  where  perp^Mlicular  to  the  curve. 

Now  by  similar  triangles,  gq^  or  Mr^  :  Mg ::  QG  :  QM^  th^t^is,  P  x  ^  : 

■  Pij 

£— -FxS£:-S£x  OQ  :  QM,  or  P  :  E-^F::  OE  :  OP,  in  which  there  is 
OE   -OF^  \^^ 

no  line  concerned  but  the  two  axes  ;  therefore  to  a  spheroid  having  two  axes 
in^such  a j{itijG(,  the  wfaf^e  attri^tive  force  wiU  at  every  point  be  perpendicular 
to  its  surface ;  hence  (974),  the  fluid  will  be  at  rest.  And  F  may  always  have 
such  a  value  as  will  satisfy  this  propoirtioti^  by  adjusting  the  time  of  revolution. 
Or  having  given  F  together  with  P  and  J5,  the  spheroid  whose  axes.Sare,  asv  P 
:  £-^Fmost  be  thatiUM ^tiifteli  ^e  fluid  will  form  itself.  >!  <  1 1      , 

v." 
I  !  fir* 

^  For  (836)  the  <^eiitrifcigal  fiarce  Taries  as  -tt^i  and  in  this  case  &r  varies  as  <&;  hence,  the  ceotri* 
ftigal  force  varies  as  Sr,  or  as  the  radius; 


ft76.  Tkt  attraction  at  any  poiu^t  ^iathe  d^M^f^  MtL  h^H^.d^.^.^  P 

x^^ :  let  therefore  P  (the  attraction^^t^^  be  represej?J5?4il?y  -fA  an^  ^R 

• 

trill  represtot  i\t  attraction  at  M  m  ftitdxieti\<nt  MR^^c^tit^  JSf^'tWft 
represent  the  whole  attraf^tion  acting  irt  the  directlbfl  jlef|)eftdictiliff  Yo  lhe  iSur- 
fece.    Drawrr  perpendicular  to  MO;    thfen  JlfO^ :  3ft  :  t' 3ib  r J/^  at- 

traction in  the  direction  Mo  (  =  jfefe)  :  the  attr^ttioA  in  tlwdiifectfort  jjf0^=: 

MaxMv  ^jjj^j^  y^j^g  j^    1      because  Ma  x  it/i;  is  constap^t,  bv  the  prGperttr 
MO  MV  M.    M,      if 

of  the  ellipse. 

-977.  To  determine  the  attmctiiMi  of  aci^ifniscte  d«  F  Hiie  pole  of  a  spheroid,  fig. 
to  the  spheroid.  Dratr  Fm^  PM;  indkfiflitely  Jieat  e^el?  other,  atirf  3f^,  219. 
JIt/r,  perpendicular,  to  P/i,  P«i,  and  copc^ive  l^e  plane.  PjB^  tardVdive  ibout 
Pp  through  an  indefinitely  small  angle  whose  arc  is  equal  6r,  radim  being?  unity; 
put  P0  =  1,  OE-m^  PQ=Zy  QMzzUy  the  cosine  of  MFQ^s;  iXid  y/m* ^  I 
zz  n.  Now  ua  =  the  indefinitely  small  arc  described  by  M  abfttit  i^,  conse- 
quently ua  X  Mr:=zthe  base  of  the  pytannid  generated  by  FMf^^  Tietice  (96s), 

tfte  attraction  ofP  to  this  pyramid  z^^*^^        ;  but  considering  the  angle  it/P»i 

ae  the  increment  of  MPQy  and  J/r  the  increment  of  the  arc  ta  the  radius  FMy 
we  have  Mr  :  i::PAf  :  y^l  — *%•  hence,  the  attraction  of  th^  pyramid  i*  tlW 

direction  POzzy~%.  But  u*zz2»i^Z'--ivez%  fl*» ^^is^r]^^ (rtkdiw  being^  urit* 
ty)  =       ^ ■■'■»;;  hence,  -■^^;=sx?s:  i  -f^^  i ^ ^  irott  the  £iM  eq«Mt)Mi^''frtfm 

which  «=:?^!i^2i;4-^/  hence,  the  attraction  of  the  pyr«wd  in  the  direction. 

1  -f-  w  5  ^  •- 

,        — ^ »       \  . —  .    •,         ■ 

^^  =  r+flV""^  X  ^^-r+aV'  ^^^^  °"®"*  ^  "V"  ^  ^"*^  ^^*®^  ^  IB  ar 
circular  are  whose  ladiusixl,  *angcnt:t»^/  and  when  ^i±i,  wfe*  haVe  ^^  x 

n^z  for  the  attraetif^v  <rf  P  towards  the  soKd  generated  by  the  revolution  of 
PEp  through  ao  indefinitely,  small  angle^  where  zis  the  arc  whose  tsngeiUr  is 
n.  Hence,  as  this  is  the  attraction  for  every  indefinitely  small  solid  thus  cut, 
if  we  put  c  zz  the  circumference  of  a  circle  whose  radius  is  unity,  and  substitute 

c  instead  of  flf,  we  shall  get  P  =  -^x«— j^  for  the  attraction  to  the  whole 
spheroid.    But  z^m-^i  n^+i  n'— I  »^ Hr&c..  pitf  also  m=:l  +c/,  thei^  n^srm*--^ 


O,  weget  Icfor  t^»^X!th>fjToAVii*^  usrli^  Ij-*' 

"®-      Jwltqnlb^^^^^       i^fi^^fii^  ,flf4:^(9<yp«»<fl%«»itiie  equator .  i2?/«f .ai^^Sm 
320,     EPup.     Draw  ZJ^  parallel  to  Pij,  and  supppse  avsphere  £ij^tt^^J:|^ji^gpfbq4^ 
intlfete^h^l'dftl^'^'d^  ici^^j^  B  equai  Si^unity.   ITowVif  we  conceive  any  plane 
to  jjf^M  tl^^ggl^.^^.  cjiitt^nf (ith    spberoid  ^an A^phere^'  the  sebfiiie»<t^te^^fl«.  ^ 
ro^ij^  ^^  ftihl  the/iMticfiitofotlieiphece  a  cifdt V  hehccff^ 

if  wennd  the  attraction  to  theK6wQ'tieKdst[bekw«to:»iy  two!filah<i!l<'b^hj^'^ 

getj^ratj^^f^  ©rawiJM^,  ^iiJa^:^^^ 

=*|f*)ifr-£  lyinV  jEK=Ut  NK=i^yuie  arc  or  the  angle  e  to  radius  unity  ==  a. 


pyreimdl 


the(4M|8^\A^fli£ 
the*w4te'i>'^' 


wh9(|«^.^i;(j  i^^9 •^jt^" rr^^!'^^^  ?  *^^  eircular  arc  wh6s^ ritdki^ ±^ i,  t'dW- '^* 

ffent=tM;  and  when  «=1,  we  get  2«!*L'><#-j.l;*fbr  the  whole  attraction  to    ' 

the  Jlirt  cut  6ff  from  tftie'  s^erdld.     tf  we  make  vf  =i  I^,'fij»4 rfi<*"*qo«ntly  «  =0,  [ 
we  have  ^as-^^ds  s  for  the  attraction  to  the  pyramid  c^f  the  sphiefe  geneirated  by  ,   .; 

£wt;,  whose  fluent,  when  5=1,  is  —  for  the  attraction  to  the  boiTespondinff 
part  oif  the  sphere  cut  off  by  the  two  jrfap^S. .  jHencB,  the  ratio  of  thosef  *btraWU'»  ^^  ' 

tions  U  Ml  :  I  x*^  xz — ..     Biit  (977)  tfi6- itttactibn  to  a  sphere  wli'ose  racfi-;  .^^ 

■  '  .   -  '     ■  .'  ■  ,  '  .      ■ 

UB=1,  is  ^^Ci  hence,  E±'t^^'^-^  x  z — ^  is  the  attraction  to  the  spheroid  at  E. 
Put  m=H-rf,  then  n*= 2i?  +  if;  also,  ;8?=n— i  n'  -i-i  n^  — 4  n'  +  &c.  hence,  by 
substitution,  £=-^  x  1  +*  rf-'^  rf"  +VoV  d^  &c.     Now  (975)^en  the  fluid  is 


ON-  TtUk  naVRVOOSnVHB  WAWtOi-  9i- 


and  P  their  values,  and  ^d  >get>i»ik4  *««ffi«l^fa«2?WF  fi^f  'f  T '  '^^  l^.^  '^ 


and  Oo\^^coj^\%ntj/tiiwtfbt6itxm')^ 

19615800  Piri^  ^^t     In  the  latitude  of  Paris,  a  Mjf  f&lk  Sl^^feeithfiiftflrtyq 
second/ vThe'wPB^dBiiie^  br^'e'arc'fecnijed  b^  tlie  equator  ii/^^is  7>*064  ' 


tne  rorce  ot  gravity  at  iyans  :  .ceivtnfugaitftnrce  at  ta€ 

Bur  rad.    :  cos.  lat.  Paris*::  7,54064  :  .3,267  that  part  of  Ae  centrifu^l  fe^ce^ ^(^ 
at  Pafria.)V«<lrid»'4s  opposiJbe  to  gfivity;  hence,  2l7i  +  iS,26?  =  2177,267  is  tne 
force  of  ^rayi|:j^^^,Earis}  therefore  the  force  of  gravity  ataBriti^ta^centflftjgifl'^-^ 
force  ^  me  equator : :  289  :  1 ;  and  this  ratio  may  be  taken  for  the  gfS^ty  ^1^ 
the  ^^^uftorio  the  centrifugal  force.     Hence,  i^'^'iUs  cbllse^ii^'nfly^  «f  i?.*?5F^  ^ 


.1' 


1^  hegleciting  all  the  terms  after  the  first  on  ^uuul  ^  their  smaliness. 
Henx;e^  tiha^ijjMW ,^^  u  l  :  r^i'^ •:  2*}^4r^  «^,*,*  i»^it^^^^'' 

:  231  without  any  sensible  difference.    Sir  I.  Newton  makes  it  22»  :  2S0,  from 
which  ratio  ^Ifij^^  >T?  r//  ,1=^  flsil'/'  h^r     Mt-^\f^; 

9^1.  If  the  whole  density  of  the  body  shoul 


density  of  Ae  bod^  shoi^d  ymp^^fn^^SW'^^  ^j^^^-^Ai 


consequently  d  will  vary  nearly  in  the  inverse  ratio  of  the  density  j  that  i?,  by 
increasiBg  the  ivhole  density,  the  hkkly  ApptbkchcB  nearer  to  a  sphere. ' 

982.  To  find  the  ratio  of  tlie  diameters  of  Ji/oifer.     Let  /=:the  time  .af«its.<  j: 
rotatiori,  7^=  the  time  of  revolution  of  one  of  its  satellites,  A  =:tlie  distance  of  that 

satellite  from  the  center  of  Jupiter,  the  radius  of  Jupiter  (here  supposed  a-=-oi, 

«'■■■■'  _ 

tphere)  being  =  1.     Tlien  (977)  as  ~  expresses  the  attraction  at  the  surface  of      i 

,  .        ■:.  3 

Jupiter, -^=;  the  attraction  of  the  satellite.     Now  the  centrifugal  forces  being 


M  OS*  TOE  nexra  or  the  eartii* 


£siicdj  zad  sqoazeiof  the  periodic  times  inversely*,  iinct  -4fie  c 
tr~^pl  force  cf  the  satelUte  being  equal  to  its  centripetal  force  (the^se  forces  in 

a  Of  cb  being  always  equal),  we  have,  77*  •  7*  •  •  ^i  •  -f  =  qST^*  H^uce(978}, 

Irf— iri^— A  1^^  &c.  =s7--;3:w,aDd  by  the  reversion  of  scries,  in Iw  +  ii^a;* 

^  *}i  xc'  ftc-  coff»cc|uently  1  +  rfr:  1  V5a?  +  ^V  «»*  +  J 55  ir *  &c.  No^  accordn^ 
to  Casstci,  the  tnne  of  the  rotation  of  Joptter  is  596',  and  the  distance  of  the 
fourth  satellite,  according  to  Mr.  Pouiro,  is  26,65  =r7/,  and  the  mean  time  of 
iu  revolution =24032'!=  T.  Hence,  the  ratio  of  the  diameters  becomes  lCO,5 
:  90,5*  By  observation,  Mr.  Pound  fetmd  the  ratio  of  the  diameters  to  be  12  r 
13 ;  and  Dr.  Bbadlst  as  12,5  :  13,5. 
983.  Hence,  the  difference  of  the  diameters  being  J  tr,  taking  the  first  term 

only  for  the  value  of  d^  it  appears  that  that  difference,  or  u;,  varies  as  1;  m^ 

directly  as  the  square  of  Ihe  velocity  of  the  planet  about  its  axis.  Hence,  and 
by  Art  981.  if  the  density  and  time  of  rotation  should  vary,  the  difference 
irf^the  diameters  will  vary  as  the  square  of  the  velocity  directly  and  density  in- 
vcTsciy. 

9844  Sir  L  NcwtOK  determines  the  ratio  of  the  diameters  oftbe  earth  in  the 
firflowing  mannert.     He  assumea  the  figure  to  be  a  spheroid,  and  finds  the 

*  I?or  by  .Art  826.  the  eentrifugal  force  varies  a»  — -.    Let  P  =:  the  periodie  time  in  the  circle 

&»  V  s:  tbft  vckxuty  io  the  circle,  tbr a  v  varies  at  SU,  because  the  tinne  is  given;  but  P  varie»  as 

ircum.^  «r  w  1-,  Oierefort  -1-  varies  aa  -^  which  varies  as  --i^,  or  as  the  centrifugal  force, 
V  V  F  Sx  Sx  ^ 


•• 


^.^  t  Sir  1.  Newtoh  in  his  Ptincipia,  lib.  L '  Pr.  91.  Chir.  3.  proi'es,  that  if  a  corpascle  F  be  placed 

AA1  within  a  spberaid#.it  iaattnaUed  Io  1iba'6aat6i  O-^by  a  fSDfor  pniportional  to  PO^  For  cooceive  the 
tfpberoid  Ppit  io  be  siioilac  to  the  give^^  spheroid  MTJC,  and  df^w  the  radii  CpF»  0PM;  and  drair 
mptov,  npst,  making  an  indefinitely  smaU  angle  npm;  then  considering  pm/i>  p/o  as  similar  jtyramids^. 
the  attraction ef^  to  them  (968)  will  be  as  their  lengths;  but  by  the  prop<^y  of  the  elhpses,  wv^pm  ;: 
therefore  the  attraction  of  p  to  the  part  wstvistiht  Attraction  to  pmn  i  hence,  p  is  attracted  only  by  the 
pyramid |i«M.  Thiia it i^pears» that  the  JCtractioiuif  p  is  only  to  the  opheroid  PS;  hcnce> the  at- 
traction (969)  9i  pitht,  attractioa  at  V  ::,pO  i  Vi(K  But  tl^is  is  not  true  f<pdr,  (y^rpuscles  in,  dilfi;;i;ent 
radii.  For  PS  is  a  spheroid  similar  to  MTR  ;  and  (as  above  proved)  the  corpuscles  P,  p,  'will  not  be 
di^^turbed  by  the  attraction  of  the  matter  exterior  to  PQ,  consequently  (976)  the  attraction  of  p  to  O  : 
the  attraction  of  P  to  O : :  POi*pO  ;  but  (969)  considering  rz  similar  to  .P2^  the  altracticn  of  a  cor- 
puscle P  :  th«  attraction  of  a  coq>U8Cle  r  : :  PO  :  rO  ;  therelbra  the  attraction  of  j>  to  0  :  the  attrae- 

tionof  rtoO::  PO* : pOxrO  r.  pOxPO^  : pC^ArO :: pO  :  rOx^  ::*>0:  rOx—^.  There- 
fore for  corpuscles  situated  iu  different  radii,  this  last  proportion  must  be  applied,  and  not  that  of  Sir  I. 
Newton.  From  hence  it  also  appears,  that  if  VO,  MO  be  two  canals  meeting  at  0  and  filled  with  a 
fluid,  they  will  balance ;  for  the  fluxions  of  their  pressures  will  be  as  the  forces  of  attractioa  multiplied 

^  into 


ON  THE   nCXJUE  OW  X»j:  EARTH.  ^S 

^entnfiigal  farce  ajt  the  equator  ^  gravity : :  1  :  389  as  in  Art.  9S0«  He  tlien 
.MiiifiAesittbe  £atio  of  the  diameters.to  be  ^  100  :  lOi,  and  finds  the  gravit^jat 
Ae  wrfe  :  gravily  at  the  equator ::  501  :  500/  Now  if  we  conceive  two  'Canals 
to  be  cut'  ftom  the  pole  and  equator  down  to  the  center  of  ihe  ea^th,  and^lilled 
urath  a  fluid,  tfaey  nuist  balance  each  other.  But  the  force  of  gravity  at  d]£> 
&rent  parts  of  the  same  canal  varies  directly  as  ihe  distance  from  the  center, 
Bf^  Itfae  ceotnfugal  force  of  every  point  of  the  equatorial  canal  varying  (975)  im, 
thie  nm^  Ji^BJdo^  therefore  the  whole  force  to  the  center  varies  as  the  distanoe 
irom  the  center  ^  and  if  we  take  any  two  indefinitely  small  parts  of  each  canal, 
similarly  situated,  their  weights  must  be  as  the  weights  of  the  whole  ;  and  as 
the  weights  are  as  the  m^igpitudes  an^  gravities^  they  wiU  be  as  lOl  x  500  : 
100  X  501,  or  as  505  :  501.  Hence,  that  there  may  be  an  equilibrium,  the 
centrifugs^l  force  must  take^  loff  stj,  from^  J:he,  equato^al  canal,  and  then  tlie 
weights  of  each  will  be  equal,  and  they  will  balance.  But  the  centrifugal  force 
of  the  earth,  at  the  equator  takes  off  tJif  part  of  gravity  ;  hence  (366),  sty  : 
^::-[hf :  sh  the  excess  c^ th^  equatorial  above  the  polar  radios ;  therefore  the 
jjatio  of  the  radii  is  1  :  1  4-Ti^  or  229  ;  230. 

9SS.  To  find  the  ratio  of  the  diameters  of  any  other  body.  Sir  lf^^c  pro- 
ceeds thus.  If  the  body  be  greater  or  less  than  the  earth,  the  density  and  time 
of  rotation  beiii^  the  same,  the  ratio  of  the  caatrifogal  force  to  gravity,  and 
therefore  the  ratio  of  the  diameters,  will  remain  the  same.  But  if  the  time  of 
rotation  and  the  density  vary,  the  difference  of  the  diameters  will  (963)  vary 
very  nearly  in  a  duplicate  ratio  of  the  velocity  directly  and  the  density  inverse- 
ly. Now  the  earth  revolves  in  23/i.  56',  and  Jupiter  in  9A.  56',  the  squares  of 
■these  are  as  29  :  5  very  nearly,  and  densities  (as  will  afterwards  appear)  are  as 
400  ;  94^5  ;  hence,  the  difference  of  the  diameters  of  Jupiter  ;  its  least  diame- 
ter::  ^*  X  ||j  X  TfiT :  1,  or  as  1  :  9^  very  nearly ;  hence,  the  equatorial  :  the 
polar  diameter  of  Jupiter::  lOj  :  9j,  agreeing  very  i^^arif  wit?h  Art^  982< 

'9S6.  The  ratio  of  the  diameters  of  the  earth  and  pkinets  h^re  determined 
from  th^  principle  of  attracitibri,  suppAkeii'th^  tetftfc  tttfl^  6f  ah  tinifbriti  density; 
but  as  it  appeab'that  ftis  ;aoes  Aot  ^vi  tt^v^ik^f%^^^  tT'^e  ata^efers 
of  Jupiter,  it  will  be  proper  to  exWfte,thow  .th(s*  (deljerniai^aiipp,^^^  vith  ]the 
figure  of  the  earth  deduced  from-  an  actual  mensuration*  The  imethod  of  per- 
fortning  this  opei^ation,  we  shall  explaM  fi^tn  Ae  meiasicremftnt  of  il  degree  of 


into  thefhixionscf  thOTlengtlfe;<n"as;>^xp<^**'^^xr0x-j^y7j/  sire  bs  pO*  :  rO^x 

'  • '  '  '..'■••■■?  • 

-^  and  when  Op  and  Or  become  OV  and  CM,  we  get  the  whole  pr?ssure§  as  1  ;  1,  or  they  balance 

each  other.  It  is  from,  assuming  this  principle,  that  Sir  L  Newton  |>roves  the  ratio  of  the  diameters 
of  the  earth,  and  that  ^e  attraction  on  the  «ur&ce  varies  inrersely  as  the  radiui.  H^hce,  also,  an  j 
timilar  parts  Op^  OP  wiQ  balance  e«Gl^,otber, 
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no, 

222. 


the  meridiaii  at  the  polar  circle  in  X^pland  *,  by  Cuuraut,  Camvs,  I^  Moir 
HUB,  Maupertuis,  the  Abb^  Outhieb,  and,  M.  Cklsius  of  Upaal.  They  set 
out  together  from  Stockholm,  and  went  to  Tomea ;  from  thence  they  departed 
ou  July  6,  1 736,  to  survey  tlie  country,  and  fix  the  proper  stations.  Fig.  222; 
represents  the  triangles,  upon  which  liie  calculations  of  the  degree  of  the  me- 
ridian were  founded.  ST  i^reseots  Tocnea  i  n,  Niwa ;  K,  Kakana^  C!,Xui<- 
taperi ;  ^,  Arasaxa  i  P,  I^lUingi ;  Q,  Kittis ;  Ny  JSiffiioi ;  and  jH,  Hornlakero. 
These  are  the  stations  ftom  which  they  measured  the  angles,  which  they  found 
to  be  as  follows.  ,. 


CTK:s 

KTn^ 
TnK  = 
HnK^ 
4nHm. 
HnC  = 
TKn  = 
CKn  ^ 
HKn  = 
HKN= 
KCn  = 
KCT= 
KCH= 
HCA  = 


24*i  32"^  54V 

«• 

19.  88.  17,8 

'  -"    ' 

87.  44.  19^4 

1  .    .  i  1 

73.  58.    ^t'1 

21.  92.     2,  5 

I 

SI.  57.     8,6 

72.  87.  27,  8 

45.  SO.  44,  2 

89.  86.     2,  4 

;    9.  41.  47,  7 

28.  14.  54,  7 

87.     9.  12 

100.    9.  56,  8 

SO.  56.  5S,  4 

I 


HAP: 

HAC'. 
APfi'. 
HPN 
NPQi 
NQP: 

QNP  : 

PNH 
HNK 
CHA-. 
CHn  : 
riHK  : 
AHP 

PEN: 


5S*.45'; 
112.  21. 
SI.  19. 
37.  22. 
87.  Si. 
4a  14. 
51.  53. 
98.  25. 
27.  11. 
36.  42. 
19.  38. 
16.  26. 
94.  53. 
49.  13. 


56',7 
48,0 

SSyS 

2,1 
24,3 
52,7 

4,3 

7,5 
53,3 

21 

6,3 
49,7 

9,3 


These  are  the  angles  as  measured  with  a  quadrant  of  two  feet  radius,  fiiF' 
nished  with  a  micrometer,  and  reduced  to  the  horizon. 

•  ■•ill!  :  '  ■ 


f    «  •  * 


987.  Let  QM  be  a  meridian  line*  and  from  the.  several  i^tations  draw  the 
dotted  lines  peq>endicular  to  it ;  and  QM  is  the  difference  of  the  latitudes  of 
Tomea  and  Kittis«  which  we  want  to  determine  in  measure  of  toises»  For 
this  purpose,  it  was  necessary  to  measure  some  base  line,  and  connect  it  with 
die  above  triangles.  A  line  Bb  lying  qn  the  ice  was  therefore  accurately  mea^ 
sured,  and  found  from  the  mean  of  the  tw^o  measurements,  which  differed  only 
four  inches,  to  be  7406,86  toises.  Ai>4  the  following  angles  were  found  by 
mensuration. 


•  From  ihe  measurement  of  the  degrees  of  the  meridiaa  in  France,  the  longest  degree  appeared 
to  be  that  which  Uy  most  to  the  south,  from  which  Cassini  concluded  that  the  earth  was  an  obl<wig 
•pheixMd,  or  tlie  pobr  diameter  the  grtetesL  To  settle  therefore  the  figure-of  the  earth,  the  mea- 
surement of  a  degree  of  the  meridian  at  Lapland  was  undertaken. 

S 


•'i.l/.  1.1  ^ 

.•i.:A"j.  »1 

yr-  /'jrll 

\il^<{^  \ 

■  ininph  / 

ih  -y.^v.  .. 

yyy  .oi'I 

"•IHllfb': 

j'l^  jdj  \. 

...,.;.-,!.  . 

OH  ttt  ftdUHf  <*' i1«i  iJiitTii. 

I'  (]  S..+ jii  CBibnaffl  ofU 

"■jiljjgoj  JKO 
yliil  irc 

SSei'iilSytie'Hiriipnted;  hence,  in  tt^'aSiingl*  i!/^t,  We«fad'J!i»i73*2,76c 
flfeWJM^'W'^fftrtSingle  /(*C,  -wefftldWcHSBsSiM  toises.  BypfoceBding 
thus  with  the  triangles  ACH,  CHK,  CKT,  AHP,  HNP,  NPQ,  we  find  AP 
=1+277,43,  PQ=  10676,9,  CT=2*302,6i  toises. 

989.  ^(tjdetMmipf  the?^p5j^ion  of  these  triaogles  in  cespftct-tO/,the  meridian 
QMt  tha  ,p»3sgge3sqf.  tlil^mit  at  Q  tH  ough  a  s^cai. circle  to  P  and  N  was 
oljserved  fiwr  mftny  days,  wMcb  gave  th  angle  ^^=j^°,  SI'.  52r\,«id  i^QjW 
=  11°.  22'l.S4'.-;  Hence,/.5«P  =  6r.|8'.  8",  ^f>«=S*'.  33'.  S4»  .J«CF=81°.' 
33'.  26",!  CifG  =  8ift  W.^ii/therefori  by  the  resolution  of-theiti^t  angled. 


9r 


triangles  .BSQ*  i<£*,  ^Pt^WT,  we 

set         j  ,  ■              ;  I 

.;   J..H 

,  ,i        .15    -  y-Kv 

-  ."■''   ~f.    !.:■ 

■.XI 

■:•■.  V          .„l     .r.-      __\\  /  '-.. 

PD^   9350,45  4l)is«^:,     ;j, 

..    .>■*■,) 

^; ,-.:'            "■■    -r  /  V' 

^£=j  14213,8*'.        ,;      ^,,, 

-  nXVl 

.  ,.•'     .St-    ■:•■.     -.  \  ^'.' • 

^i^=    8566,08     .,,     ij     i 

'.'.  AW 

\'l  .»i     O' 

22810,62   ,        ,. 

: ..     :V\     *             T  \  .  ■. 

.54940,39  ., ,     ,         ., 

1 1 
'1  .A 

^■.v\ 

.  f  .»■' 

"Which  is  the  arc  of  the  meridian  passing  through  Kittis,  and  terminated  by 
a  pcrpepdi);ular.frfl(n  Tornea^      ,,  ,     ..;.        .,.,,    .   ,    j.ii,>       ,> .-    ,,,.,....» 

990.  The  same  may  be  tompljt'^'d 'ffom  the  triangle's '^C^j^fJ'ij'ir,  GkT\ 
UKN,  JIXP,  -V^ft  ^J  the  resolu^tiqn  of  wh|ch,  we  find  Q^-  LJ564,64,^JiC 
=  25053,25,    KT  =  r'eS^l  (o(s"es:'alsO,|Wr='l|"."!5l'.ji^ 
X'  12",  AT^'^Si". '^i'?V'';  heijce,  by'the  res61uti'on.'bf  ihe'^igiil  angled  tri- 
ailglesj  AW,  A'A'I,^^^  we  get,    '  '■ 

■'■■'•  "I    ■    ■  J\7tfi  13297,88  toises. 

■'■'"'  '■    ■  ■'  ■      KL  =24995,83 

'   '  '•      Kg  =16651,0*  ' 


QJ/=  54944,76 


-The-meanof  these  two  values  of  Q J/,  gives  QA/=  54942,57  toises. 
VOL.  n.  p 


1)8  ON  THE   FIGURE  OF  l^E  EARTH* 

091.  If  we  take  the  observations  from  n,  we^may  compute  the  vahie  ofQMy, 
from  a  great  variety  of  triangles.  Accordingly,  ten  other  values  of  Q3/  were 
computed,  the  mean  of  which  gave  0^3/=  54922,1.  The  observers  however 
(for  reasons  not  assigned  in  their  account  of  the  mensuration)  preferred  the  de« 
terminations  of  QJWfrom  the  mean  of  the  two  first  values  of  it. 
•  992.  The  next  thing  to  be  determined  was  to  find  the  degrees  in  the  arc  QM. 
This  was  done  by  observing  the  difference  of  Ae  zenith  distances  of  the  same 
star  at  Kittis  and  Tornea.  The  instalment  they  used  for  this  purpose  was  made 
by  Mr.  Graham  ;  and  the  divisions  being  verified  by  a  micrometer  adapted  to 
it,  the  error  never  amounted  to  above  2"  or  s". 

99S.  The  star  i  Draconis  was  observed  at  Kittis  and  Tomea,  and  the  difl 
fijrcnce  of  the  zenith  distances,  after  applying  the  proper  corrections,  was  found 
to  be  57'.  26",9.  By  «  Draconis^  it  was  found  to  be  57'.  80",4 ;  the  mean  ot 
these  IS  57'.  28'',7  ;  but  this  is  not  the  arc  QM,  because  the  point  at  Kittis 
where  the  observation  was  made,  was  3  toises  4  feet  8  inches  more  north  than  die 
point  Q,  and  the  point  at  Tornea  M^here  the  observation  was  made,  was  73- 
toiscs  4  feet  5.J  inches  more  south  than  the  point  T ;  there  must  also  be  added 
3,38  toises,  because  the  points  T  and  Q  are  not  in  the  same  meridian  ;  the  sum 
of  these  is  80,9  ;  this  added  to  54942,57  gives  55023,47  the  lengtli  of  an  arc 
of  57'.  28%65  }  hence,  57'.  28%65  :  l""::  55023,47  :  57438  the  length  of  a  de.^ 
groe  of  the  meridian  at  tlic  place  of  measurement.  But  we  must  subtract  1& 
toises  from  this,  on  account  of  refraction,  w^hich  Maupertuis  neglected  j 
honoo,  the  length  of  tlie  degree  becomes  57422  toises.  The  latitude  of  the 
middle  of  QM  was  66^  20'.  And  by  comparing  tlie  length  of  this  degree 
with  tlie  lei^th  57183  toises  of  a  degree  measured  by  M.  Picard  between 
Paris  and  Amiens,  the  latitude  of  the  middle  of  which  was  49''.  22',  the  earth, 
was  found  (995)  to  be  an  oblate  spheroid,  and  the  ratio  of  the  diameters  178  r 
179* 

994.  In  taking  the  angular  distance  of  two  djjects  upon  tlie  earth  with  a 
quadrant*,  if  they  be  at  any  altitude  above  or  below  the  surface,  that  angular 
di^tiince  must  be  reiUiced  to  the  horizon,  if  we  want  it  for  the  purpose  of  carry- 
ing  on  a  measurement  upon  tlie  earth^s  surfiice ;  that  reduction  may  be  tlius^ 
f^t^,  made.  Let  Z  be  Uie  zenitli,  UN  the  horizon,  A  and  B  the  two  objects.  Find 
Wd*  thoir  altitudes  MA^  JVJB,  and  also  their  distance  AB ;  then  in  the  triangle  ZA  By 
Wx>  know  all  the  sides,  to  find  the  angle  Z,  or  the  arc  MK^  which  is  the  angular 
distance  ot'  the  two  objects  reduced  to  the  horizon.    We  avoid  tliis  reduction 


^  l\>r  th;«  purpose,  ihc  quadrant  mu«it  be  fixed  upon  a  center,  so  that  it  may  be  put  into  an; 
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however,  when  we  observe  with  a  theodolite  having  two  telescopes  which  move 
vertically  on  an  horizontal  axis. 

995.  To  find  the  ratio  of  the  diameters,  from  the  lengths  of  two  degrees  in     fig. 
two  known  latitudes,  let  Pp  be  the  earth's  axis,  £PZ)jp  any  meridian,  J5/ the     218. 
equator,  M  any  place,  draw  tlie  tangent  Mt  meeting  OE  in  f,  and  DOK  pa- 
rallel to  it^  also  Mva  perpendicular  to  Mt^  and  Mr  to  0£,  and  let  Ms  be  the 

radiue  of  curvature  to  M.  Now  by  Conies,  Ma: = ^^  ;  but  Ma  =  z!f_and  OK* 

^  Ma  MT 

= Vg  %   ^  *  hence,  Ms  n  — -^-^^JUL  ;  but  a  degree  of  latitude  must  vary 

asMr^aadcoMequentlyas  A/r*.     Now  J?/-  9^  x  ^^\  and  Rt  s  M^  . 
hence, vB^z^^x  OR.     But  Oil*  =  gg  x  PO^- 3f ii*;  hence,  t^JR' =^~  ' 

^^OE*^'  consequently  Mv^ = §|^  -  ^^OK^^ "  ^^* '    ''"'  if  T  =  the 

sine  of  tMR,  or  of  latitude,  MR*  =  Mv*  x  7^  ;  by  substitution  therefore,  we  get 

OP"^ 
the  value  of  AIv^  =  ^  ■  ^    j=^ — — — — — ;  /  hence,  a  d^ree  of  latitude,  or 


OK^xl-^r-^OPxT 


3  , 

^       -zr^ -"=-- — ^^ — ' — f 


^/t;',  varies  inversely  as  OE^  xl-T  +  OP^xT  ,  or  OE*  -  (?£*  -  OP*  x  r , 
But  if  the  spheroid  be  very  nearly  a  sphere,  and  OP  :  OE : :  1  :  1  +  rf,  then 

J/t;'  varies  inversely  as  1  -2e/Z*%  or  inversely  as  1  -SrfJ*  very  nearly,  rf  being 
very  small.  Hence,  if  T,  t  be  the  sines  of  any  two  latitudes,  and  >w,  and  n  re- 
present  the  lengths  of  a  degree  of  each  respectively,  we  have  m  :  n::  1  —  Srf/*  : 

1  -  3dT*j  consequently  d- — J^^ — ; .     Hence,  the  ratio  of  the  diameters  is 

SmT*^S?it* 

^SmT*-3nt*     SmT*'-3nt*  .  , 
as  : + 1. 

•  1 1 1     > 

■  >  I 
996.  Now  the  length  of  a  degree  in  different  latitudes  is,  according  to 


Cassini  and  de  la  Caille    -     .       )  45*     n 


.  Toises* 
MAUFERTms    -     -     -     in  latitude  66^.  20'    -     -      •     57422 

-     .     .     57069 
.      .      -     57028 

BoscovjCH    -.--....43.     0-.      -     56979 
Juan  and  Ulloa  1  C  56768 

BouGUER  >     -    -    at  the  equator    -    .    -       ^  56753 

De  la  CoNDAMiNE  }  C  56750 

Mason  and  Dixon    --.--£9.    12--.    -56888 


,\ 
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H«Me,  W6  get  fhe  foQowing  ratios*  bf  the  di^iiieters  of  the  earth 


U  :' 


I  '  * 


lat  66^.  20' atid  49^  23'        .        • 
'  6&  2b  and  45.    O        •         • 
66.  20  and  48.    O        -  a-    . 

66.  20  and  39.  12 
66.  20  and  at  eqnat.  by  Bouguer 
49.  '23  and  at  equat.  by  Bouguer 
S9.  12  and  at  equat.  by  Bouguer 
66.  20  and  mean  at  the  equator 
45.     O  and  49'';  23' 
45.     O  and  39.  12 
45.    O  and  at  equat.  by  Bouguer 
43.     O  and  39°.  12' 


give  ISO 

give  150 

give  147 

give  140 

216 

312 

870 

•      217 

give  321 

give  112 

311 

give  109 


131,  or  200 
151,  or  200 
148,  or  200 
141,  or  200 

217,  or  200 
313,  or  200 
371,  or  200 

218,  or  200 
322,  or  200 
113,  01200 
312,  or  200 
no,  or  200 


201,54. 
20i;3S. 

201,36. 
201,43. 
200,92. 
200,64. 
200,54. 
200,92. 
200,62. 
201,78. 
200,64. 
201,83. 


I. 


997.  The  mean  of  all  the  consequents  of  the  last  ratio,  is  201,13  j  hence,  the 
ratio  of  the  diameters  from  the  mean  of  these  twelve  comparisons  is  200  : 
301,13,  or  reduced  to  that  ratio,  the  difference  of  whose  terms  is  unity,  it  nt 
177  :  178,  which  is  (993)  extremely  near  to  the  ratio  deduced  from  the  mea- 
surement at  the  polar  circle  and  in  France.  But  the  great  difference  of  the 
results  from  the  different  comparisons,  show  that  we  cannot  depend  upon  the 
accuracy  of  the  mean  ratio.  Indeed  other  authors  have  deduced  a  mean  ratio 
from  mensuration,  agreeing  very  nearly  with  Sir  I.  Newton. 
'  998.  In  the  year  1738,  when  M.  Bouguer  was  at  Peru,  measuring  a  degree 
pf  longitude,  it  occurred  to  him  to  put  the  Newtonian  theory  of  gravity  to  the 
test,  by  examining  the  attraction  of  mountains.  This  he  communicated  to  his 
colleague  M.  de  la  Condamine,  and  they  made  the  trial  upon  the  mountain 
Chimboraco,  the  attraction  of  which  they  judged  would  be  about  the  2000tb 
part  of  the  attraction  of  the  whole  earth,  and  therefore  they  concluded  that  a 
plumb  line  would  be  drawn  out  of  its  vertical  situation  through  an  angle  of  ]'. 
43"  towards  the  mountain  ;  whereas  it  amounted  only  to  7V*  But  the  experi- 
ments were  made  under  so  many  disadvantages,  that  no  great  dependance  can 
be  placed  upon  the  accuracy  of  the  result.  This  satisfied  them  however  that 
the  mountain  had  an  attraction,  although  it  was  much  less  than  what  was  ex- 
pected  from  its  bulk.  But  it  appeared,  that  this  mountain  had  once  been  a  voU 
cano,  and  therefore  was  probably  hollow  in  many  places.  M.  Bouguer  con- 
eludes  his  account  thus :  "  that  as  in  France  or  in  England,  a  hill  may  be  found 
of  sufficient  height  for  the  purpose,  and  especially  if  the  observer  would  double 
the  action,  by  making  a  station  on  each  side,  he  should  be  happy  to  hear  on  his 
return  to  Europe,  that  the  experiment  had  been  repeated,  whether  the  result 
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tended  to  confirm  his  observations)  or  to  throw  some  better  light  upou  that 
enquiry/*  Accordingly,  the  Royal  Society  requested  Dr.  Maskelyne  to  un- 
dertake the  business,  who  repeated  the  experiments  upon  Schehallien  an  Scot- 
land, with  An  excellent  zenith  sector,  made  by  Mr.  Sisson  ;  his  Majesty  very 
liberally  undertaking  to  defray  the  expences.  From  observations  of  ten  stars 
near  the  zenith,  he  found  the  difference  of  latitudes  of  the  two  stations  on  the 
opposite  sides  of  the  mountain,  to  be  54'',6j  and  by  a  measurement  by  triangles, 
he  found  the  distance  of  the  two  parallels  to  be  436454  feet,  answering,  in  that 
latitude,  to  an  arc  of  the  meridian  of  42^94,  which  is  1 1",6  less  than  by  observa- 
tion ;  its  half  therefore,  5',8,  is  the  effect  of  the  attraction  of  the  mountain  ; 
and  from  its  magnitude,  compared  with  the  bulk  of  the  whole  eartIi,.Dr.  Maske- 
lyne discovered  the  mean  density  of  the  earth  to  be  about  double  that  of  the 
mountain.     Thus,  the  doctrine  of  Universal  Gravitation*  is  firmly  established. 


♦  Dr.  Maskelyne  deduced  the  following  consequences  : 

1.  It  appears  from  this  experiment,  that  the  mountain  Schehallien  exerts  a  sensible  attraction  ; 
therefore,  from  the  rules  of  philosophising,  we  are  to  conclude,  that  every  monntain,  and  indeed  every 
particle  of  the  earth,  is  endued  with  the  same  property,  in  proportion  to  its  quantity  of  matter. 

2.  The  law  of  the  variation  of  this  force,  in  the  inverse  ratio  of  the  squares  of  the  distances,  as  laid 
down  by  Sir  I.  Newton,  is  also  confirmed  by  this  experiment.  For,  if  the  force  of  attraction  of  the 
hill  had  been  only  to  that  of  the  earth,  as  the  matter  in  the  hill  to  that  of  the  earth,  and  had  not  been 
greatly  increased  by  the  near  approach  to  its  center,  the  attraction  thereof  must  have  been  wholly  in- 
sensible. But  now,  by  only  supposing  the  mean  density  of  the  earth  to  be  double  to  that  of  the  hill, 
which  seems  very  probable  from  other  considerations,  the  attraction  of  the  hill  will  be  reconciled  to 
the  general  law  of  the  variation  of  attraction  in  the  inverse  duplicate  ratio  of  the  distances,  as  deduced 
by  Sir  I.  Newton  from  the  comparison  of  the  motion  of  the  heavenly  bodies  with  the  force  of  gravity 
at  the  surface  of  the  earthy  and  the  analogy  of  nature  will  be  preserved. 

3.  We  may  now,  therefore,  be  allowed  to  admit  this  law  ;  and  to  acknowledge,  that  the  mean  den* 
sity  of  the  earth  is  at  least  double  of  that  at  the  surface,  and  consequently,  that  the  dei^ity  of  the 
internal  parts  of  the  earth  is  much  greater  than  near  the  surface.  Hence  also,  the  whole  quantity  of 
matter  in  the  earth  will  be  at  least  as  great  again  as  if  it  had  been  all  composed  of  matter  of  the 
same  density  with  that  at  the  surface  ;  or  will  be  about  four  or  five  times  as  great  as  if  it  were  all 
composed  of  water.  The  idea  thus  afforded  us,  from  this  experiment,  of  the  great  density  of  the  in 
ternal  parts  of  the  earth,  is  totally  contrary  to  the  hypothesis  of  some  naturalists,  who  suppose  the 
earth  to  be  only  a  great  hollow  shell  of  matter  ;  supporting  itself  from  the  property  of  an  arch,  with 
an  immense  vacuity  in  the  midst  of  it.  But,  were  that  the  case,  the  attraction  of  mountains,  and 
even  smaller  inequalities  in  the  earth's  surface,  would  be  very  great,  contrary  to  experiment,  and 
would  affect  tlie  measures  of  the  degrees  of  the  meridian  much  more  than  we  find  they  do  ;  and  the 
variation  of  gravity  in  different  latitudes  in  going  from  the  equator  to  the  poles,  as  found  by  pendu- 
lums, would  not  be  near  so  regular  as  it  has  been  found  by  experiment  to  be. 

4.  The  density  of  the  superficial  parts  of  the  earth,  being,  however,  sufficient  to  produce  sensible 
deflections  in  the  plumb-lines  of  astronomical  instruments,  will  thereby  cause  apparent  inequalities  in 
the  mensurations  of  degrees  in  the  meridian ;  and  therefore  it  becomes  a  matter  of  great  importance 
to  chuse  those  places  for  measuring  degrees,  where  the  irregular  attractions  of  the  elevated  |wrts  may 
be  small,  or  in  some  measure  compensate  one  another ;  or  else  it  will  be  necessary  to  make  allowance 
for  their  effects^  which  cannot  but  be  a  work  of  great  difficulty^  and  perlups  habie  to  great  uncertainty* 
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Dr.  HuTTON  in  die  Pfiit  Trans,  for  1778,  h»s  calculated  tlip  attraction  erf*  thi« 
ni^ountain  from  the  observations  of  Dr.  Maskj^ltne,  and  found  that  the  density 
of  the  mountain  was  to  the  mean  density  of  the  earth  as  5  :  9 ;  now  the  den- 
sity of  the  mountain  was  found  to  be  to  the  density  of  rain  water  as  9^  :  1  ; 
hence,  tlie  mean  density  of  the  earth  is  to  the  density  of  jrain  water  as  4^  :  1. 
The  internal  parts  of  the  earth  are  therefore  much  denser  than  those  at  the 
surface,  but  in  what  manner  die  dense  parts  are  disposed  must  be  uncertain. 
If  we  suppose  the  earth  at  first  to  have  been  in  a  fluid  state^  and  the  different 
parts  to  have  taken  their  places  according  to  dieir  gravity,  die  central  parts 
must  be  the  most  dense,  the  ^ects  of  which  u^on  die  ratio  of  the  diameters  of 
the  earth  we  shall  afterwards  state. 

999.  The  vibration  of  pendulums  upon  different  parts  of  die  earth  have 
been  used  as  a  means  to  .determine  the  ratio  of  its  diameters ;  for  this  purpose, 
we  must  find  the  force  of  gravity  upon  different  parts  of  its  surface.  To  in- 
vestigate this,  let  Pp  be  die  polar,  and  EQ  the  equatorial  diameter.     By  Art. 

976.  the  attraction  at  M  perpendicular  to  the  surface  varies  as  _  __.  But  if 
1  =the  mean  radius  of  the  earth,  and  1  +e= JSO,  then  (882)  310=1  +ex  cos. 

12M0E ;  hence,  ^ -  = ^    oi//ij^-  =  l -^  x  cos.  2MOE  =  i  ^  ^  +  e  >c 

AlO     I  +e  X  COS.2 AlOE 

ver.  sin.  2M0E  ;  therefore  the  increase  of  attraction  from  the  equator  to  the 

poles  varies  as  the  versed  sine  of  double  the  latitude  very  nearly,  or  as  the 

square  of  the  sine  of  the  latitude ;  which  is  the  same  ratio  as  that  by  which  die 

degrees  of  latitude  increase. 

1000.  If  the  time  of  vibration  of  a  pendulum  be  given,  the  length  varies  as 
the  gravity,  and  consequently  (976)  inversely  as  MO.  Hence,  the  length  of  a 
pendulum  vibrating  seconds,  increases  as  it  is  carried  towards  the  poles.  If 
therefore  the  length  of  a  pendulum  vibrating  seconds  in  two  latitudes  could  be 
accurately  ascertained,  we  might  ascertain  the  ratio  of  the  diameters  of  the 
earth,  the  density  of  the  earth  being  supposed  to  be  uniform.  Now  it  is  found 
by  observations,  that  the  length  of  a  pendulum  vibrating  seconds  increases 
from  the  equator  towards  the  poles,  agreeable  to  what  ought  to  take  place  ac- 
cording to  our  theory ;  but  if  we  deduce  the  ratio  of  die  diameters  of  the  earth 
from  the  lengths  of  two  pendulums  in  two  latitudes,  the  conclusions  from  differ- 
ent experiments  are  considerably  different.  This  probably  arises  from  the  irre- 
gularity of  the  density  of  the  interior  parts  of  the  earth  ;  for  in  that  case,  the 
above  rule  for  the  variation  of  the  length  of  the  pendulum  cannot  hold.  M. 
Clairaut  observes  (Figure  de  la  TerrCy  Sect.  69.)  that  the  variations  of  the 

•    lengths  of  the  pendulum  make  the  ratio  of  the  diameters  nearer  to  a  ratio  of 
dity  dian  229  :  230,  indicating  a  greater  density  towards  the  center.      On 
Dt  of  die  length  of  the  investigations,  we  shall  refer  die  reader  to  the 
and  also  the  V}ul.  Tram.  Vol.  XL.  and  only  give  the  results. 
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1001.  There  are  two  principles  upon  which  we  may  find  the  figure  of  the 


earth — either  by  supposing  an  equilibrium  between  two  canals^  fi^bm  the?  suifece 
meeting  at  the  center— or  by  supposing  the  whole  force  at  every  point  6f  the  * 
sur&ce  to  act  in  a  direction  perpendicular  to  the  surface*  Ihere  are  sotrie 
spheroids  which  unite  both  principles.  If  the  earth  was  at  first  in  a  state  of 
fluidity,  it  must  have  acquired  such  a  form  as  results  from  the  equilibriufh  of 
the  columns,  and  from  the  gravitation  acting  perpendicularly  to  the  surface. 
The  second  principle  indeed  is  absolutely  necessary,  when  the. surface  is  co- 
vered with  a  fluid,  as  the  fluid  on  the  surface  could  not  possibly  rest,  unless 
gravity  acted  perpendicularly  to  it. 

1002.  If  a  fluid  spheroid  contain  a  nucleus  of  uniform  density,  and  the  part 
exterior  to  the  nucleus  be  also  of  uniform  density ;  and  if  1  nthe  semidiameter 
of  the  whole  solid,  An  that  of  the  nucleus,  n  =  the  elliptic  form  of  the  nucleus 
(measured  by  dividing  the  difference  of  the  diameters  by  the  greater  diameter), 
the  elliptic  form  of  the  spheroid =7W,  the  density  of  the  fluid  =1,  and  that  of 
the  nucleus  =  1  +Jy  and  the  centrifugal  force  at  the  equator  :  gravity  ::  rf  :  1  j. 

then  M.  Clairaut  has  proved  that  ^^-.6^!/^  +  ^^^  +  ^^  fi^^gr^re  de  la  Terre^ 
p.  219).    Hence,  he  deduces  these  conclusions. 

"  If  the  spheroid  contain  a  solid  nucleus  of  uniform  density,  but  diffferent 
from  that  of  the  fluid  which  covers  it,  and  if  the  figure  of  the  nucleus  be  similar 
to  that  of  the  spheroid,  but  of  less  density,  the  spheroid  will  be  more  elliptical 
than  an  homogeneous  body  would  have  been.. 

♦*  If  the  density  of  the  nucleus  be  greater  than  that  of  the  fluid,  the  spheroid 
ipay  still  be  more  flat  than  an  homogeneous  one  would  have  been,  provided 
the  elliptic  form  of  the  nucleus  be  within  certain  limits. 

"  If  n  be  negative  and  greater  than    ^^  '^^ — ,  m  will  be  negative  j  tliat  is, 

the  spheroid  will  be  oblong,  or  the  equatorial  diameter  will  be  shorter  than  the 
polar.  It  is  therefore  possible  that  the  earth  might  have  been  in  the  form  of 
an  oblong  spheroid,  under  a  certain  limit  of  the  elliptic  form  of  the  nucleus, 
which  in  this  case  would  also  be  an  oblong  spheroid.** 

1003.  If  a  fluid  cover  a  solid  body  composed  of  an  infinite  number  crfelliptiicr 
strata  of  different  densities,  of  which  the  elliptic  form  and  density  vary  as  any 
function  erf  the  distance  from  the  center,  the  surface  will  be  a  spheroid  very 
nearly,  the  centrifugal  force  being  supposed  to  be  very  small.  Also,  the  van- 
ition  of  weight  from  the  equator  to  the  poles  is  as  the  square  of  the  i?ine  of  lati- 
tude^    M»  Clairaut  also  deduces  the  following  conclusions. 


1^  OH  THE  riGUBE   OF  TBB  SAIlTHr 

awUf^rJfi  H'^6^^>£^tofabo4y.h|i^9'.equat0E,.  Pitawqigbtatdiepofei  E 
tlie^gi^c  !^fm  of  -the  body/i£iti^  bec^trbompgieneous  (demoted  }>)>;, th«  4i£^ 

ference  of  the  axes  divided  by  tlie  greater  axis),  e  the  real  elliptic  formj  then 

■  """^g-E— g.    Or  as  the  weights'orthe  same  body  are  as  the  forces  of  gravi- 

ty,  or  as  the  lengths  oPpendulumB^vibiiting  ip  tHe  same  time,  if  the  lengths  of 
two  pendulums  vibrating  seconds  at  the  pole  and  equator  be  L  and/;  then 
^^-^F.~e.  If  we  ipply  this  to  th?  earth,  £=tJ5;  hence,  h:zl=-r\j~e, 
Xow  gravity  is  found  to  increase  from  the  equator  to  the  pole  in  a  greater  ratio 
than  it  woidd  if  the  earth  were  homog)eneous ;  hence,  —p.  is  increased,  and 

consequently  the  elliptic  form  is  diminished' .  If  gravity  had  decreased  in  a  less 
ratio,  the  flatness  of  the  eaitb.'.would  have  ipcreised.  This  is  contrary  to  the 
opinion  of  Sir  I.  Newton.  M.  Claihaut  however  observes,  that  he  does  not 
mean  to  decide  against  Sir  Isaac's  determination,  because  he  cannot  be  assured 
of  hi^  meaning,  when  he  says,  that  the  density  of  the^arth  diminishes  from 
tli^  center  tpwards  tlie  circumference ;  qa  the  puts,  instead  of  being  compQ3e4 
of  parallel  beds,  may  be  conceived  to  be  otherwise  arranged,  so  that  the  opinjq^ 
of  Sir  Isaac  may  be  true.  M.  Claibaut  shows  also  that  his  conclusions  differ 
from  those  of  Mac  Laurin,  in  consequence  of  their  having  solved  ^e  problem 
upon  diflerent  suppositions.  From  the  whole  view  of  the  subject,  J^t  C^airaut 
observes,  that  if  we  make  the  variation  of  the  density  frqip  t|ie  (jqnt^r  to  the 
surface,  and  the  variation  of  the  axes  of  tlie  strata,  as  generally  fps«iblc,  the 
difference  of  tlic  axes  (from  the  vibration  of  pepdulums)  is,  found/;  tq  be  less 
than  nhi"  .  i\    ■'  .: 

1004.  Tlie  length  Z  of  a  pendulum  vibfjtivg  s^fiffpds  at  the  equator,  and 
the  length  /  at  the  pole,  may  tliusibe  fbun^,  fifopi  iAowing  the  lengths  L\  I' 
in  two  latitudes  whose_  sine?  are  5,  a;  for  X— Zr'.^  X  — '::  ■S''  ;  s^•  Ju^nce,  Z=: 
tjL^^IJ^^±l.  and  L~L' :  L^H'.y  :  1%  therefore  1=^  ""A^h-^'. 

*-^*  .    ,1     ..,   .      ...  ..       ■:!  ,?„;•(     i/. 

1005.  The  method  of  finding  the  ratio  of  the 'diameters  o^iiie  earth  by  the 
vibration  of  pendulums  upon  dilTerent  parts  of  its  surface,  Is,  cither  by  observ- 
ing how  much  a  pendulum  of  the  same  length  will  gain  in 'a  day,  as  it  is  car-  ■ 
ried  from  the  equator  towards  the  pole ;  or  by  observing  how  mucli-it'  must  be 
lengthened,  in  order  to  continue  to  vibrate  in  a  second.  '  "    7 . 
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The  following  Table  shows  the  seconds  gamed  in  one  day  by  a  pendulu^ 
librating  seconds  in  differeitt  latitudes^'  ^en  it  remains  of  the  sa!me  liitigti). 


Ill    -o 


Lat 

Seconds 

Lat 

1 

Seconds 

Place 

gained. 

Place 

gained. 

5** 

l',7 

50^ 

1S4%0 

10 

6,9 

55 

153,2 

15 

15,3 

60 

171,2 

20 

26,7 

65 

187,5 

25 

40,8 

70 

201,6 

80 

57,1 

75 

213,0 

35 

75,1 

80 

221,4 

40 

94,3 

85 

226,5 

45 

114,1 

96 

228,3 

«  »■■ 


'.)       : 


V. 


1006.   The  following  Table  exhibits  the  actual  length 
brating  seconds  in  different  latitudes,  in  French  feet,  lines. 


of  pendulums  vi- 
and decimals  of  a 


line. 


Under  the  equator    - 


At  Portobello    - 

lat. 

At  Pondicherry    - 

lat. 

At  Manilla    -      > 

lat. 

At  Madagascar    • 

lat. 

At  St.  Domingo    - 

lat. 

At  the  Isle  of  France,  lat. 

Cape  <rf*Good  Hope, 

,  lat. 

At  Malta    -    -     - 

lat. 

At  Toulouse    -     - 

lat. 

At  Geneva 

lat. 

At  Paris     ... 

lat. 

At  Leyden 

lat. 

At  Petersburg 

lat. 

At  Arcbangel 

lat. 

AtPello    -     -     - 

lat. 

At  Lapland 

lat. 

At  Kola    .     -     • 

lat. 

At  Spitzbergen 

lat. 

VOL.  ir. 

-  (Bouguer)  •    -  36.  7,07 

9*.  34'  (Bououer)  ...  -  7,16 

11.  56  (Gentil)  ....  7,26 

14.  34  (Gentil)  .  4   .  .  7,43 

17.  40  (Gentil)  ....  7,S9 

18.  27  (Bouguer)  ....  7,33 

20.  10 7,66 

33.  55 8,07 

35.  54  (d'ANGOs)  ....  8,22 

43.  36  (d'ARQUIER)  •   .   -  8,40 

46.  12  (M.  Mallet)  -  -  -  8,17 

48.  50  (De  la  Caille)  -  .  -  8,55 

52.  9  (M.  LuLOFs).  -  .  -  8,71 

59.  56  (M.  Mallet)  -  -  -  9,25 

64.  33 9,15 

66.  48  (Maupertuis)  -  -  -  9,17 

67.  4  (M.  Mallet)  -  -  -  9,17 

68.  52 9,81 

79.  50  (Lyons) 9,40 

p 
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A'Tuhte  qfffK  Length  qfa  Pmdubmit  in  FrenphLines,  vOtraiijfg  jSKtfods  mpqa 
'  AeSurftux  of  Oe  Earthy  Jrom  the  Observations  taade  at  Peruy  JPoS*^  and 


Lati- 

Length of  the 

Lati- 

Length of  the 

Lati- 

Length of  the 

tude. 

Pendulum. 

tude. 

Pendulum. 

tude. 

Pendulum. 

Degrees 

Liues. 

Degrees 

Lines. 

Degrees 

Lines. 

0 

439,07 

30 

439,72 

60 

440,92 

1 

439,07 

SI 

439,76 

61 

440,95 

2 

489,08 

3* 

439,80 

62 

440,97 

3 

439,08 

«3i 

.  439,84 

63 

441 ,01 

4 

439,09 

8* 

439,87 

64 

441,04 

S 

439,09 

35 

439,91 

65 

441,07 

6, 

439,1 1 

36 

439,95 

66 

441,09 

1 

439,12 

37 

440,00 

67 

441,12 

■   -8' 

4.39,13 

38 

440,04 

68 

441,15 

-    9     - 

439,14 

39 

440,08 

69 

441,18 

lO 

439,13 

40 

440,13 

70 

441,20 

11 

439,16 

41 

440,17 

71 

441,92 

IS 

439,18 

42 

440,22 

72- 

'      44'I,3« 

13 

439,20 

43 

440,27 

78 

4M,26 

14 

439,22 

44 

440^31 

74 

441,29 

IS 

439,24 

45 

440,35 

75 

441,31 

16 

439,27 

46 

440,40 

7^ 

■      44l',3S 

17 

439,30 

47 

440,45 

77 

4*l,3Jr 

IS 

439,32 

48 

440,49 

7S 

'  '    iMIiSe 

19 

439,35 

49 

440,54 

79  . 

■441,37 

a> 

439,38 

50 

440,53 

80 

;    i4tt,38 

1.1  Hi.v "^ 

21 

439,41 

51 

440,G2 

.81 

441,39      1 

32 

439,44 

52 

440,65 

'83' 

4i(,4b'     ' 

23 

439,47 

53 

440,68 

83' 

'      Ut,4l    ' 

24 

439,50 

5+ 

440,71 

84  ' 

-  '  «!,«»■ 

25 

439,53 

53 

440,75 

85 

■.»4a,4» 

26 

439,56 

56 

440,79 

86 

,.*<t*r*3 

27 

♦39,59 

57 

440,82 

87    , 

441,44 

28 

439,63 

58 

440,85 

88 

441,44 

29 

439,67 

59 

440,83 

89 

441,44 

30 

439,72 

60 

440,92 

90 

441,45 
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This  Table  is  computed  upon  supposition  that  the  increase  of  the  lengtli 
«if  the  ^enduluti^  is  as  the  sqhaVe  of  tbc^  sitt^^^the  latitude ;  &t  whem  the  time 
of  vibration  is  the  same,  the  lengths  vary  aii  the  forces ;  therefore  the  \wriation 
of  the  lengths  vary  as  the  variation  of  the  forces,  or  (999)  as  thetiqtxaj^wi^/the 
sine  ej^4atitud6> 

|0d7.  The  iratio  of  the  diameters  4if  Jtipt^ >  less  (989)ith4^[tha^.gtireii  by 
theory;  tipoh  supposition  that  it  ib  homogeneous,  which  M.  Clair^HT  shows 
may  happen,  if  Jupiter  have  a  nucleus  denser  than  the  other  part  of  ^e  pla- 
net, with  a  certain  elliptic  form  (1002).  It  is  therefore  uVinecesfeaty^to  sup- 
pose, witht  Sir  I.  Nj^wto^i ,  that  Jupiter  is  mpre  dense  towards  its  equator,  and 
which  (hetMnks)  may  arise  from.th^  heat  of  the  sun  al;  ftiQaje  parts.  But  this 
is  mucK  more  likely  to  be  thccaseiwith  our  earth  thaii)W^4i  Jupiter,,  and  yet 
Sir  Isaac  thinks  that  the  earth  is  denser  tiowards  the^cent^.  He  appears  to 
have  been  led  into  his  conjectures^  from  thinking,  that'i^ndncrease  of  flatness 
of  the  body  must  be  attended  with  a  greater  increase  of  wieight  in  going  from 
the  equator,  to  the  poles,  than  if  the  body  badT)eeii  homogeneous,  \«rhich  (1003) 
is  not  necessarily  the  case.  The  greater  density  of  the  internal  parts  of  the 
earth,  and  the  variation  of  gravity  upon  its  surface  seem  tQ  favour  the  supposi- 
tion that  the  difference  of  the  diameters  is  less  than  that  which  Sir  L  Nbwtont 
has  determined.  M.  de  la  Lande  assumes  the  difference  to  be  ^ Jiy  part  of  the 
whole* 

1008.  The  horiaontal  parallax  of  the  moon  is  as  the  radius  of  the  earth  di- 
rectly, and  the  distance  of  the  moon  from  the  center  of  the  earth  inversely. 
The  dit^nce  of  t\rt  moon  therefore  being  known,  if  weiuiow  also  its  horizon- 
tal parallax,  the  radius  of  the  earth  will  be  known.  « If  therefore  two  radii  of 
the  earth  in  two  known  latitudes  be  thus  deterinined,  the  figure  of  the  earth 
may  be  found*  But  observations '  of  sufficient  accurttcj^'-td  settle  this  matter, 
liave  nevefr^been  made.  It  has  also  been  prpposj^d  tollYi^  the  ratio  of  the  dia- 
meters off  the  eartlr  from  solitr  eclipses,  as  the  bompujt^c^  ofi  tlie  parallax  of 
.tlie  mooni'  and  conmquetitly  the  times  of  the  banning' >^d  end  of  such  an 
<iclipjse,  wilt  vary  according  «  th^  ratio  of  4he  diameters  ^| the  earth  vary* 
M.  de  la  Landc  thinks  that  jt  ditffef ence  of  ^b  of  thediA*«ters  will  make  such 
computations  besf  agree  with  Observations.  From  a  kjbh^deriition  of  all  the 
circumstaftces,  it  ]^>probable  that  the  difference  of  the  polar  and  equatorial  dia- 
•neteWxjfitiie  earthi  is  less  than  that  which  is  determined  by  Sir  I.  Newton. 

1009.  The  length  of  a  degree  of  latitude  at  the  equator,  taking  the  mean  of 
three  measures,  iS  56756f  toises,  which  multi jilied  by  6  gives  340540  French 
feet ;  and  as  a  Paris  foot :  ati  English  foot : :  4,!^63  :  4^  W  degree  at  the  equator 
in  English  feet  is  362930,5  j  henfce,  the  circumferettfce,'  Corresponding  to  tins 
arc  of  1®,  is  130654980,  the  radius  of  which  is  3938,SS4  miles,  which  we  may 
consider  as  the  radius  of  curvature  at  the  equator.    Assume  23ar  and  23l«r  for 


108  ON  T|W,  ^l<mV^  QF  XHK  £ARTil» 


tlie>|faUir  and  equatoHul  rddiiVlWfafi,  by  Conies,  H?5^- S93f*,MV'tl&e^'  ' 

23(Xii:r.  ^?.^^^?^  x  231  u  ^955^4  Mes' the  polar  radius,  and  asi^iidD^M  the 

equatorial  |^ius)  and  the  difference  of  the  two  radii  =:17>1  mik»» -Jmd  Ais  *  ^ 
ratio*  ij^  tiie  ji^ameters ;  jalso^^  the  ni^^  radius  ss  3968,95  which  we^uvfiakie *• 
3964.    Now  the  circuo^^^nc^  corresponding  to  this  mean  radius  is  84907 i^t 
consequently  the  lengtli  'of  a  degree  corresponding  to  this  mean  radius,  or  a 
mean  degree,  will  be  69,2  miles. 

1010.  By  Art.  995.  the  length  of  a  degree  varies  inversely  as  1  —  SrfZ*;  now 
at  the  equator  7^=0;  hence,  the  length  of  a  degree  at  the  equator  :  length  in 
any  other  latitude  ::  1  —  3cfr*  :  1;  thus  the  length  erf*  a  degree  for  any  latitude 
may  be  computed.  Hence  also,  the  increment  of  a  degree  from  the  equator  to 
the  pole  will  increase  as  SdT*,  or  as  T*  the  square  of  the  sine  of  latitude.  And 
as  the  length  of  a  degree  must  be  in  proportion  to  the  radius  of  curvature,  the 
variation  of  the  radius  of  curvature  of  an  ellipse  which  is  very  nearly  a  circle, 
must  be  as  the  square  of  the  sine  of  latitude. 
FIG.  JOll.  To  find  the  angle  OMv  between  a  perpendicular  Mv  to  the  surface 
218.     and  MO  drawn  to  the  center.     Let  P0=1,  0£=1  +rf,  then  Oir=l  +2rf/ 

put  OR^a^y  and  draw  vc  perpendicular  to  AIO*     Now  jKi;=.rx =:.r  x 

1— 2rf,  therefore  Or = 2fltr = 2rf  x  cos.  lat.  nearly ;  but  cr=Ot;xsin»  vOcz^Ov 
X  sin.  lat.  nearly ;  therefore  cvz=i2dx  cos.  lat.  x  sin.  lat.  nearly=:6f  x  sin.  2  lat. 
nearly,  and  this  is  the  sine  of  vMO  to  radius  Mv  which  we  may  consider  here 
as  unity.  This  angle  OAIv  is  the  reduction  of  the  elevation  of  the  pole  in  Art. 
173. 

1012.  The  earth  being  supposed  to  be  a  sphere,  the  length  of  a  d^ree  of 
longitude,  as  you  go  from  the  equator  to  the  poles,  decreases  as  the  arcs  of  the 
circles  parallel  to  the  equator  intercepted  between  any  two  meridians  decrease, 
waich  arcs  are  as  their  radii,  or  as  the  cosines  of  latitude;  therefore,  radius  : 
cos.  of  latitude::  the  length  of  a  degree  of  longitude  at  the  equator  :  the  length 
of  a  degree  of  longitude  at  that  latitude.  But  as  the  earth  is  a  spheroid,  this 
rule  will  want  a  little  correction.  Let  POp  be  the  axis  of  the  earth,  EFUp  a 
meridian,  EOUa  diameter  of  the  equator;  then  the  latitude  of  M  is  MvEj 
and  the  angle  vMO  is  given  in  Art.  1011.  therefore  MvE-^vMOzzMOE  is 
known  ;  hence,  we  get  QOM.  But  (882)  if  unity  represent  the  mean  radius 
of  the  earth,  and  e  =  the  difference  between  the  mean  and  the  greatest  or  least 
radii,  then  will  1  +e  cos.  2M0E=iM0;  hence,  knowing  QOM  and  JfO,  we 
find  QM,  and  this  we  must  use  instead  of  the  cosine  of  the  latitude,  in  order 
to  find  the  length  of  a  degree  of  longitude  upon  the  surface  of  the  earth.  The 
lengt'i  of  a  degree  therefore  being  known  for  one  latitude,  the  length  for  every 
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other^j^tUude. xoay  Jbie  found.    Ilf^nqe^  ^  p9)qvlatM03  fori tbe.f«Uoiring  'TMc^'-'^ 

may  be  made  by  this  Artieleand  Article  1010. 

fjlji^^de  la  Place  (J/ec.  Cb/^  Jo^^rrl^iiaii^.iCik  8.)  lias  shewn,  fhatwitn  -thA^^ 
same-  time  of  revolution  of  the  earth,  there  are  two  different  spheroids,  which 
MriU 'furOTBrve  their  eqinlibrium;  on^- haling  tKfe  i^tto  of  th'^'pohr  to  the^lrau^ 
toriai^MDeter^  as  fl29  :  2S0,  and  thei  otfa^'in  the  "f&tio  otYi  ^8d;  wfiicW' 
lattefiiiiiwiiyaflat,  drcular  body,  having  a  tonv^  '"    "' ■  '['' 
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110^  Tabk  qftJie  Lengiht  qfa  DegMS  6fZaHtude  tend  Longituds  vpon  the  Earth  in  French 
Toises,  on  iupposiUon  that  Ow  Dfj^ence  qf  its  Diameters  is  Ok  SO(^  part  <^  Ote  whole. 


Height  1  Di-grtc.  of  |n;,_.  1  Dtg™.  of  1 

OilTcr.  'J*^*'  1 

DegK«»of 

DifflT. 

Dtgraof 

ViSir 

off.lt.j 

Lamodc. 

Lc5k«ie 

■fpole^l 

Latiijde. 

Longitud*. 

0* 

56747 

0 

57127 

9 
25 
44 
60 

78 
95 
112 
129 
147 
163 
181 
197 
215 
231 
248 
265 
281 
299 
314 
331 
347 
363 
380 
396 
411 
428 
442 
459 
473 
489 
504 
519 
534 
548 
563 
577 
591 
605 

45* 

57031 

10 
10 

40462 

710 
722 
734 
7*6 
757 
769 
780 
791 
801 
812 
822 

1 

56747 

57118 

43 

57041 

39758 

2 

56743 

5709S 

♦7 

57051 

10 

38030 

3 

56749 

S7049 

48 

57081 

10 

S8S96 

4 

56750 

1 

2 
2 
3 
a 

56989 

49 

57071 

10 

37550 

S 

56751 

56911 

50 

57081 

10 

36793 

S 

56753 

56816 

51 

57091 

10 

36024 

7 

56755 

56704 

52 

57101 

9 

35244 

8 

56758 

56575 

53 

57110 

10 

34453 

9 

56761 

I       56428  1 

54 

57120 

9 
10 

33652 

10 

56764 

4 
4 

J. 

56265 

55 

57129 

S2840 

11 

56768 

56084 

■  56 

57139 

9 

32018 

831 

12 

56772 

55887 

57 

57148 

9 

31187 

841 

13 

56776    ' 
56780    , 
56785    ° 

55672 

58 

57157 

9 

30346 

851 

14 

55441 

59 

57166 

8 

29495 

860 

15 

55193 

60 

57174 

9 

28635 

868 

16 

56790 

5 
6 
6 
6 

8 
8 
8 
8 
9 
8 

54928 

61 

57183 

9 

27767 

878 
885 
893 
902 
908 
916 
923 
930 
936 
941 
948 
954 

17 

56795 

54647 

i  "^ 

57192 

8 

26889 

18 

56801 

54348 

63 

57200 

8 
7 
8 
7 
7 
7 
7 
6 
6 
6 
5 
6 
5 
4 
4 
4 
4 
3 
3 
3 

26004 

19 

56807 

54034 

64 

57208 

25111 

20 

56813 

53703 

65 

57215 

24209 

21 

56820 

53356 

66 

57223 

23301 

22 

56827 

52993 

67 

57230 

22385 

23 

56834 

52613 

68 

57237 

21462 

24 

56841 

52217 

69 

57244 

20532 

25 

56848 

51806 

70 

57251 

19596 

26 

56856 

51378 

71 

57257 

18655 

27 

56864 

50936 

72 

57263 

17707 

28 

56872 

50477 

73 

57269 

16753 

958 
963 
968 
972 
977 
979 
984 
986 
989 
992 

29 

56880 

50OO4 

74 

57274 

15795 

30 

5(i889 

49515 

75 

57280 

14832 

31 

56897 

49011 

76 

57285 

13864 

32 

56906 

I    \   48492 

77 

57289 

12892 

33 

56915 

10 
9 
9 
10 
9 
10 
10 
10 
10 
10 

47958 

78 

57293 

11915 

34 

56925 

47410 

79 

57297 

10936 

35 

56934 

46847 

80 

57301 

9952 

36 
37 

56943 
56953 

46270 
45679 

81 
82 

57304 
57307 

89e« 

79'77 

38 

56962 

45074 

619 

83 

57310 

2 

6985 

994 

39 

56972 

44455 

633 

84 

57312 

2 

5991 

995 

40 

56982 

43822 

646 

85 

57314 

1 

4996 

998 

41 

56992 

43176 

659 

86 

57315 

2 

3998 

998 

42 

57002 

42517 

672 
685 
698 

87 

57317 

0 

3000 

1000 

43 

57012 

41845 

88 

57317 

1 

2000 

1000 

44 

57021      ;; 

57031 

41160 

1  89 

57318 

0 

1000 

1000 

45 

40462 

1  90 

57318 

0000 
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A  TABLE  OF  FRENCH  MEASURES, 
Takehjtom  M.  de  la  LAitto^s  A^onomf. 


f 
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The  foot  of  the  ancient  Romans 

The  Roman  foot  of  Vsspasian 

The  Greek  foot  according  to  Auzout 

"  M.  le  Roy 

The  Ar^ic  foot  -  - 

The  foot  of  Alexandria      .      - 

The  English  foot  -  .      ^    - 

The  foot  of  the  Rhine,  Leydcp,  and  Denmark 

The  foot  of  Bologne  • 

The  foot  of  Tmin  •  .  . 

The  foot  of  Venice  - 

TTie  foot  of  Padua  -  -  . 

The  foot  of  Vienna  .  .  . 

^e  foot  of  Sweden 

The  foot  royal  of  China 

The  Brdcdo  da  Parnio  of  Florence 

The  modem  Roman  palm 

The  palm  of  Naples 

The  vare  of  Castile  • 

The  archine  of  Russia 
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r  ^r ; . .  ;^ 
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I 

The  stade  of  the  ancient  iRotnans 

The  stade  of  the  £gyptij^  ] 

The  verst  of  Russia 

The  li  of  China  -  . 

>The  English  mile  -  *■ 

^?£he  Italian  mile  . 
^The  moil^^rn  Roman  mil6 
''"The  Roman  mile  from  Strabo 
■  ■»"•■  ^   ■  ■    ■  Pliny 
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IN.  LWFi. 

10l.lO,9 

11,  1,105 

11.     S,8 

1  Iv     4,5fr 

d.  io»7a 

ISi     2,0 

xi.    3,;i,i54 

11*     74?3. 

14.     0,6 

-     18.   11,7 

1«.  10 

-       IS.     9,9 

11.     8,ll7 

-      10.  11,75 

11.     9,9 

21.     6,4-5* 

8.    3,osa 

9.     8,15: 

SO.   11 

26.     6,3 

TOISES. 

94,693 

V      •  114,ia 

/-  [^  547 

.       !  295 

-       830- 

.      95S 

764 

-      766 

-     757,5 

An  Engfish  &thom  is  to  a  French  to^e  as  lOOO  to  '  1065,759  accor(£ng  ta 
General  Hot*  The  toise  contains  six  feet,  the  foot  contains  twelve  inches,  and 
the  inch  Contains  twelve  Iines» 
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ON  THE  7IGURE   OF  THE  EARTH. 


101 S.  The  figure  of  the  earth  is*  so  near  that  of  a  sphere,  that  in  estimating 
its  magnitude,  we  may  consider  it  as  a  sphere  whose  radius  is  the  mean  radius 
of  the  earth.     Now  this  meap  ntdiu&ri^  ?^^*  ipHes ;   hence,  3964  x  6,88318= 
iles  the  circumference f  4lfo,  39^4*  x  3,14159265  x  4=r  197459101  tl 


24907  miles 
num 


the 


duml^er  of  square  miles  upon  the  eaiih's  sur&c^  j  lastly,  3964^  x  4,1881^90204785 
=26b9!69^2265  tiie  number  f^^fuJtaQ.S^^  contained  in  the  ^lurth.  Dr. 
Long  estimated  the  proportion  of  the  land  and  water  upon  the  surfiice  of  the 
earth,  so  fiur  as  discoveries  had  then  been  made,  in  the  following  (piupn^. .  He 
took  the  paper  cff '  a  i^rrestrial  globe,  and  then  cut  oul;  the  land  ^om  Jthe  sea, 
and  weighed  the  tiyjopie^;  b;^:^^.if)eans  he  found  the  proportion  of  ihg  w:at^r 
to  the  land  as  349  :  1^4..  .Tl^^i^qt^^lii^pn  would  be  more  acq)ia^| .  if ,  ,i^e 
land  were  cut  out  froi^  tjis^sj^^ite^i.tji^^  was  put  u|^^,ffae, globe. 

After  all  the  modern  d^ACoy^o)^;  l^s^^m^o^  would  probably  give  lie  propor- 
tion of  land  to  wat€X  to  a  ippf^i^e;^]^  4%^^^  ^^  apcuracy. 
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,,     oirtHE  PRECESSION  OP  THE  EQUINOXES.  AND  THE  ^S^^W^Sf^,!^ 

■Art*  iWivlT'h'&s  already  been  observed  (i48^^tbkf  tHe  cqiSm^^ 
a  rdtirb^rade  motion  of  about  5(^*  ito  a  yeafc  ^ir  K  Wewton  wa^'^tlie  first' who 
iecodtited  fbr  tMd  motion.  Having  |)fdirM*ihgt,  f^MM  cSftlrifliga!  force  of 
the  parts  of  the'earth  arising  from  iti  x'W^tiottj^e  ^natoi^al  diameler  must  be 
grdttei^'tiiitA  the  polar,  he  prodeedbd<bVK^o<r',^ttiat  if  >Jre  (fdnceive  a  sphere  to 
be  itftcrtbed  in  the  earth,  th'e'fttthiaito'^tl^^iiiif^  ih6dn  ujpoii  the  ^Jifdess 
of  the  quantity  of  matter  in  the  eiiitli'aliti^e  i^lft't^ihcj  ^hi^i'e  wiH  '<!^us6  a  mo- 
tion in  the  plane  of  the  equator,  and  make  the  points  where  it  intersects  the 
ecliptic  go  backwards  upon  it.  But  aldiough  he  assigned  tlie  true  cause  of  the 
precession,  it  is  acknowledged  that  he  fell  into  an  error  in  his  investigation  of 
the  effect  Without,  however,  any  inquiry  relative  to  the  circumstances  in 
which  he  erred,  we  shall  show  how  to  obtain  a  true  solution  from  the  common 
principles  of  motion. 

1015.  Let  S  be  the  sun,  ABIXJ  the  earth,  T  its  center,  EQ  the  equator,  P,  pig. 
p  the  pedes  ;  draw  CTB  perpendicular  to  SADy  and  join  SEy  which  produce  224* 
to  meet  CB  in  A'.     Call  tlie  radius  TE  unity,  and  let  the  force  of  the  sun  on 

a  particle  at  T  be      -;^{  then  the  force  on  a  particle  at  E  =-r-Tn  i   hence,,  if 

we  resolve  this  latter  force  into  two  others,  one  in  the  direction  ET  and  the 
other  in  a  direction  parallel  to  TW,  we  have  SE  :  ST::—;—^  :  the  force  in  the 

direction  paraUel  to  TS  =45^  =  .,-.£L-«  =  -^  +  ^^,  omitting  the  other 

terms  of  the  scries  on  account  of  their  smallness.     Hence,  the  force   with 

sEK 

which  a  particle  at  E  is  drawn  from  CB—^-rTjrx  ;  consequently  the  effect  of 

this  force  in  a  direction  perpendicular  to  JET  will  be  —^ — ^-^q — ;  hence,  this 

force  :  the  force  of  the  sun  on  a  particle  at  T  :: ^^ —  •  ^^T^'-    ^^^  ^ 

KT :  St.    Now  if  P=  the  periodic  time  of  the  earth,  j9=:the  periodic  time  of 
a  body  revolving  at  the  earth's  surface,  then  (858)  the  force  of  the  earth  to  the 

ST     1 
Bun  ;  force  of  the  body  to  the  earth,  or  the  force  of  gravity, : :  —  :  -r-;     hence, 

VOL.  n.  Q 
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fte  force  bn  a  particle  at  £  perpendicultr  to  ET  :  force  of  .gimvifc)r 
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/  IMfi.  Let  t;  be  the  center  of  gyration^  and  put  ilf =:the  quf^ntij^y^^  iQ^|^t^ 
imthe  earth ;  then  the  effect  of  the  inertia  of  M  placed  at  v  to  pppo9f^1;|l^  ,9,Qm- 
nuinication  of  motion  is  the  same  as  the  effect  of  the  inertia  of  £he  <tvth.;  apd 
hence,  ZjE*  :  TV  («  i  TE^)  ::M:i  My  which  is  the  quantity  of  matter  t^  be 
placed , at  £  to  have  the  same  effect.  t.  .^^ 

Fio.  1017.  X^t  PEpQ  represent  the  earth,  P,  p  its  poles,  EQ  the  equator,  P^pf 

^^^*  a  sphere  whose  diameter  is  the  axi«  PTp^  TA  a  radius  directed  to  the  sun,  and 
CTB  a  plane  perpendicular  to  it,  PXp  a  great  circle  perpendicular  to  PE4p^9 
and  let  IR  represent  a  smaU.  circle  p^i:a}l|^  to  tlie  equator;  take  the  arc  XL  = 
Xly  and  draw  ZM,  /m,  JSTFperpeAdiQMhtr  to  the  plane  CTB.  Now  (847)  the  dis- 
turbing forc^  of  the  sun  at,X,,  /,  in  the  directions  ML^  ml  are  as  M£,  m/,  cob- 
sequently  these  forces  are  the  same  a^  they  would  be  if  the  corpuscles  at  X,  7 
were  orthographically  projected  upon  the  plane  CABD ;  let  us  therefi>itl  con* 
ceive  the  whole  matter  in  the  earth  to  be  thus  projected.  Draw  J^,  At 
parallel  to  BC;  put  p=S,14159,  &c.  a=the  mean  radius  of  the  earth,  Ee:=im^ 
rs=: IX  on  the  projection,  TXzzVy  ^=sin.  ATE^  c=cos.  ATE^  the  arc  JTZ,  iir 
XlzzZy  and  ^=:sin.  XL;  then  (in  the  projection)  bizzNXzzsy^  Xnizl^jt 
=£^,  XVzzsv  and  TVzzcv;  therefore  LMzzsv-^-ct/y  hnzzsv-^Ofy  ttMpi^cp 
^st/j  and  Tntzucv-hsj/.  Now  the  forces  at  L  and  /  in  the  directiona  JIfZ,  tnlj 
being  as  J/Z,  ml,  their  effects  to  turn  the  earth  about  T'in  the  direction  BAC 
are  as  ML  x  MT  and  mix  mT^  or  the  whole  effects  are  as  w-f  cy  xct;— ^  +  Sr— d/ 
xcv'^si/zi2cs X  »*— ^*;  therefore  the  fluxion  of  the  force  of  all  the  matter  in 
the  circumference  IR  is  as  2csz  x  i;*— ^*;  hence,  the  fluxion  of  the  force  to 

turn  the  earth  in  the  direction  CAB  is  as  2iQSz  xv*— t;*=:2a.x  —4=^-  ^^^p 

l¥hose  fluent,  when  y  str,  is  ^^  x  w  x  r*  —  2i;*  th6  force  upon  the  semicircum* 
ference  IR  ;  hence,  the  force  on  that  whole  circttmference  iz  prxcsx  r*  —  2v* 

:=(as  r*=a*— t;*) prxcsx  a^Sv\    Now  a  irv.m:  lizz  — ;  hence,  the  flux- 

a  • 

ion  of  the  force  of  the  annultjs  lieE  is  bs  pr  x  ~  xcsvx  a'-^Sv^  =  ^^  x  v^x 


xa*- 

-Sr;* 

pmcs 

Apmcs 

Xfl*. 

whi( 

db  is  ai 

X  0*13  -  4fl5P*i;  +  S&^r,  whose  fluent,  when  f  =  a,  is 
^^'  X  «♦,  which  i^  as.tfie  whole  force  on  the  matter  exterior  to  the  sphei^ 
Pepq^  on  one  side  of  EQ  ;  hence,  -— ^  x  a*  is  as  the  whole  force  of  the  sun 

1<5 
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Qpoii'the  eartk  to  turn  it  »bo(it  in  ^  dheQtttm.CA B.  Now  m+i  m-siTEy 


Te  ;  hence,  the  solid  content  of  the  spheroids?  pxa-^^mxa-^-^tn  ziti  pM^i 
pma*^  very  nearly ;  and  the  content  of  the  sphere  =  |^  jp  x  a — ^  m}  ==^.|)a'  — 
2^^*^  very  neariyj  the-  difference  of  these  is  4  pma*  the  content  of  the  ^M^x- 
terfortol^e  sphere;  place  one  fifth  of  this  matter,  that  is j  it  pwtoV  at^J?,* 
then  asf  £JSr sea,  and  KT—sa^  the  dfedt  of  the  sun  to  turn  the  matter  t^^  JMM^ 
at  £  about  T  zz  ts  pmcsa^^  which  is  equal  to  the  effect  ^f  the  sun  upon  the 
whole  earth  to  turn  it  about  its  center.  Hence,  the  effect  of  the  sun  upon  the 
mitftter  oif  the  earth  exterior  to  the  sphere  to  turh  it  irbout  its*  center,  is  equal 
to 'tbe^eflfect  which  would  be  produced  if  otie' fifth  part  of  tiiat  matter  were 

1018. 'Put  y  =:the  quantity  of  ihatti^ lA'the  earth  above  thftt  of  its  inscribed 
q>here  j  now  (1017)  thie  attractidii  upbii'tt/e 'niatter  exterior  to  the  sphere  woOld 
generate  an  angular  velocity  abodt  aii  kxi^)p^rpendicillaf  to  CABDy  equal  to 
the  angular  velocity  wh^cli  wbiild  l>e  ^getierkfed  in  a  quantity  of  matter = I  y 
placed  at  JE.  Let  us  therefore  suppose  the  stints  attraction  perpendicular  to 
ET  to  be  exerted  upon  a  quantity  of  matter  at  J5=to  t  S',  and  at  the  same 
time  to  have  a  quantity  of  matter  to  move  =  I  Mj  and  then  (1016,  1017)  it 
appears,  that  the,  effect  will  be  the  same  as  the  accelerative  force  of  the  sun  to 
tiim  about  the  earth.      Hence,  that  accelerative  force  is  (1015)  equal  to 

^^^»K^^"/-^  ^^  =^  ^^^  ^f  ^^/-  ^  ^'  Nowifr£:rP::l;l^,thea 
M  :  M —  qy.l  :  l— 2r,  therefore  M :  q::l  :  2r ;  hence,  -^-^   =r ;    conse* 

guently  the  accelerative  force  =  ^^  ^     J^^^  ^  ^^  the  force  of  gravity  on 

the  earth  being  unity. 

1019.  Let  z  zz  the  arc  described  by  a  point  of  the  equator  about  its  axis  in 
an  indefinitely  small  given  ^m^^^  which  may  therefore  represent  its  velocity ;  and 
let  az  represent  the  arc  described  in  the  same  time  by  a  body  revolving  about 

the  earth  at  its  surface  j  then  fL£.  =  the  sagitta  of  the  wc  described  by  the 

body  in  the  same  time,  and  consequently  c^z*  —  the  velocity  generated  by  gra- 
vity whilst  a  point    of  the    equator    describes  z.      Hence,    (1018),  l     ; 

point  E  perpendicular  to  ET,  generated  by  the  action  of  the  sun  whilst  the 

equ^t^r  describes  iabotit  itti  axis ;  consequently  the  ratio  of  thete  velocities  is 

as  ^^KxKTxjf^xrxa*z     , 

-p.  —  :  1. 


2S6. 


..^  »V  THB  nUECBMiON-©P  TH*  WWJBWXSi, 

1020.  Let y  be  an  arc  described byiAfe  mnlnthe  eoKptic  to  mniiiuttcpad 
to  unityf  whilst  a  point  of  the  equator  describes  z  about  its  axia^  tfatnl^::^ 
-sthe  time  of  the  earth's  rotation,  and  the  arcs  described  in  «q^jtiflk^  W 

equal  «dii  are  inversely  as  the  periodic  times,)^  ;  ^  ::>- :  i=^teb^ 

if  V  and  w  be  put  for  the  sine  and  cosine  of  the  sun»s  dedination,  the  ratioiif 
the  veWlties  in 'the  last  Article  becomes  i^2^:l.  ^"; 

^'^        102  U  Hence,  if  5^4^  be  the  ecliptic  to  the  radius  unity,  P  tiie  plaoe  Qf<  tim 
'*'**'     sun,  8BL  the  equator,. >P^  the. sun's  declination,  and  we  take  Eeidt  (de 

bei„gp«peadic»krtor.)=:i  :?^,  .„d  Arough  0,  E,  des^pSi'dW 

great  circle  TEM,  then  will  iS'7'.  be  the  precession  of  the  equinox,  during  ^e 
time  the  sun  describes  if  in  tbc'eclipltic  (861) ;  hence,  Ed  or  £c,  ot.Ij  :  dc,  or 

a«J»t^.y^  ::sin.  SE  :  5r=  ^^^^iH^iLf^hi^JLV,  therefore  the  sin.  fiZT,  «r 

1022.  Now  .     t^..p=  sin.  -SP,  and  w  =:_£2!i-±^,  5   hence,    —^      - 

sin.iJ<SP  cos.   lL,b  sin.  £5P 

sin.  SP  X  cos.  ^P  .  .    .  cos.  ESP  __    .  .  «>a> 
ZosTES          '           tan.  A'A  x  cot.  SP  ~    '            '  ^n.    ESP 

sin.    SP  X  cos.  SP  X  cos.   £5P     slEr^SF  x  cos.  ESP  .  conaeauentlv  57'« 
ces.i;5xtan.  A'^xcot^P      -  sm.  ^6^ '  consequently  A^  w 

Sapr  X  sin.  SP*  x  cos.  ESP  xy_,  /-jf  ^  __  jj^g  ^f  gp\  Sapr  x  cos.  /JJ^P  k  **.r 
"""  P  Pxv/i^* 

whose  fluent  is    "P^  ^ ^p' x^^-or^l— Jr*,and  when  jr=  l.it  becomes 


S<yrxcos.  ESPxm^  ^^^^^  nowrsw  a  quadrant)  the  arc  of  precession  whilst 

the  sun  describes  90°  from  the  equinox  ^  and  to  find  the  degrees,  say  4m  :  360^ 
..  sap  X  co^^ESP  X  m  .  gggo  ^  Sapr  x  c^   ESP  ,  consequently  the  Fece?- 

«on in  a  year=36(f  y^^^P^^^  ESP__  g,.. .^^    ^his  would  be  the  preceS* 

sioa  of  the  eijatnox  arising  from  the  attraction  of  the  sun,  if  the  earth  wece 
solid  of  an  uniform  density,  and  the  ratio  of  the  diameters  as  229  :  230 ;  but^ 
fr<pi9  what  follows,  if  the  ^^eatest  nutation  of  the  earth'^  axis  be  rightly  ascer- 
tained, the  precession  is  only  about  14^"  j  which  difference  between  the  tlieory 
.and  what  is  deduced  from  observation,  must  arise,  either  from  the  fluidity  of 
the  earth's  sur&ce,  an  increase  of  density  towards  the  center,  or  the  ratio  of 


A^'^tm  mrrjmoN  of  mt  ^acri^s  Axnt*  n*j 


*■ 


tfiendiftineterf  b^itig  Afferent irom  ^t/wJUdknis  liere assumed ;  or^ probably 
fieom4tlLd]^  caiises^eoigointly.  '^Tim^  «of  ikhe  > equinooies  ^cauiedib^ 

tbeppiade  of  .the  equator  movkig  backwards  upon  the  ^dUptic)  inii8t  mctsmti^ 
cause  the^tioles  of  the  earth  to  describe,  wcles  about  th^  poles  of  the,eclmtic« 
m  a  direction  contrary  to  the  order  of  the  signs,  setting  aside  the  enect  of  nil- 


102S.  Having  ascertained  the  precession,  the  corresponding  nutation  ma^ 
be  immediately  found  tims.     Take  SB^SA  =  90^,  and  draw  the  great  circle 
BhAf  then  BAh  the  measure  of  the  angle  BSA  (llQ ;  aiid  as  wevtabay  consi^ 
der  Th  sjodTA  to  be  each  equal  to  90^  witikout  lin]^  sensible 'error,  Ab  will  be 

the  difference  of  the 
the  equator  to  the 

ecliptic,  or  the  nutation  of  the  axis^f  th6  equator.  Now  SV  :  Bb::  sin.  SE 
\  Bin.  BE^  or  cos.  SE^v.  tan.  SE  :  rtid. ;  a!«6;  6T :  5r::rad.  :  sin.  T;  hencet 
ST :  Bb::  tan.  SE  :  sin.  T;  but  tari.  5E=cos.  Tx  tan,  TP  ;  therefore  Bbsi 

STx  sin.  T  B      ^^     3apr  x  co3.  J:6P  x  ^'.r       j     ^eing  the  sine  of 

eos.  Txtan.  21*  ••  «^  -  Pk^/T^*  - 


the  measure  of  the  angle  bTA  ;  hence,  Bb  will  measure  t 
angles  jS^-^,  i7!/^,  or  the  variation  of  tbe  inclination  of 


^  • 


TP9  its  tangent  =  — ■,_■  ,,  ■■ ;  hence,  (considering  the  angles  ESP  and  T  as 

equal)  Bb=?^Pr2L^n^^^l2L^\  whose  fluent  is  ^^^  ^  ^'"^  j^^^  ^  •''  the  arc 

of  nutation  whilst  the  sun  describes  SP  ;  and  if  »i = an  arc  of  9(y*  of  the  eclip. 
tic  from  Aries,   we  have,    4m  :  360"   •  •  ^^pr  x  «»•  ^SP  x  j^  .   ^g^o   ^ 

— ^ — ^ — - — ^i^  the  angle  of  nutation  j  and  when  ;r=  1,  we  have,  360* 

3€if)T*  X  sin.  ESP  ... 

X  — i- — -p-! — _  for  the  whole  nutation  whilst  the  sun  moves  from  the  equi- 
nox to  the  tropic.  Whilst  .the  sun  moves  from  the  equinox  to  the  tropic,  BA 
is  greater  than  bAj  and  therefore  the  inclination  of  the  equator  to  the  ecliptic 
decreases ;  but  from  thie  tr6prc  to  the  equinox,  B^  is  less  than  M9  and  there- 
fore the  inclinatiod  increases.  Now  the  nutation  varies  as  the  square  of  the 
sine  of  the  sun's  longitude ;  and  as  a?  increases  till  the  sun  comes  to  the  tro- 
pic, ai)d  then  decreases  again  until  it  comes  to  the  equinox,  when  it  is  sO, 
the  inclination,  from  this  cause,  is  least  when  the  sun  is  at  the  tropic,  and  great- 
est when  the  sun  comes  to  the  equinox,  and  is  then  the  same  as  at  the  preceding 
equinox. 

1024.  Hence,  the  precession  during  the  sun^s  motion  from  the  equinox  to 

,  the  tropic  :  the  nutation  at  any  time ; :  cos,  ESP  :  — '- : :   m  :  tan. 

ESP  xa^j  and  at  the  tropic,  this  ratio  becomes  m  :  tan.  ESP^  or  as  1,5708 


$ 


lift  Oy  THB  PKECE8SI0N  OP  THE  EQUIK0ZE8, 

:  94S41.  Hence,  if  we  take  the  whole  precession  for  the  time  the  mA  is  inovii^ 
frcfim  the  equinox  to  the  tropic  to  be  one  fourth  of  14^,  the  nutalitfil  at  the 
trcpicz:  1%  which  is  the  greatest  nutation  arising  from  the  force  of  the  sun,  x  at 
the  tropic  being  the  greatest  Therefore  the  nutation  from  the  time  die  sun 
leaves  the  equinox  =  l"  x  ^*=s{/  — ^'^  x  cos.  2^;  and  at  45^  from  the  e^hoxes^ 
the  inclination  is  the  mean,  it  varying  half  a  second  each  way  from  thence%. 
Hence,  at  the  equinoxes,  the  nutation =^%  and  at  the  tropic,  the  nutations  — 
^^  from  tlie  mean  inclination  ;  and  tlie  nutation  at  any  time  from  the  mean  in* 
agltoation  =  ^'  cos.  2y. 

1025.  To  find  the  equation  of  the  precession,  we  have  tn  :y::^  oE  14 J^*  :. 

14^'  X  -^  the  mean  precession  corresponding  to  the  longitude^,  upon^atipiKM' 
4iw 

sition  that  the  annual  precession  ansing  from  the  force  of  the  sun  is  14  jf.  Aha 

(1022),  the  mean  precession  corresponding  to  the  longitude  m  is 

Sapr  X  cos.  ESP  x  m  u^^^^  ^  . '  , ,.  ^pr  x  cos.  ESP  x  m  Soiirxcos.  ESPxjL 
-gp ^  nence, m  .y — :  — ^^ gp     '     ' 

the  meafi  precession  corresponding  to  the  longitude  y;  but  the  true  prece^siml* 
in  the  same  time  is  (1022)  ^^P^  ^  ^^'  ^'^^  xy^jc^  i  ^  ^,  from  which  take 

the  mean  precession,  and  we  have    ^/^  ^  ^Q^*  ^^^  ^  — ^^i  — ^  for  tha 

2/^  ^ 

equation  of  precession,  which  therefore  is  to  the  mean  precession  bs  *^s 
y/r^  :  y ::  -*2j?^i-j7*  :  2y ::  -sin.  2y  :  2y.  But  the  mean  precession 
at  the  same  time  is  14i'  x  ^;  hence,  2v :  -  sin.  2v ::  14A"x  -^  :  -^^^  X8in.2y 

c=  — 1^  9**x  sin.  2y  the  equation  of  the  precession.  Hence,  this  equation  is 
greatest  in  the  middle  point  between  the  equinox  and  tropic,  and  is  there  =  i^ 
9^ ;  and  it  is  to  be  subtracted  in  the  first  and  third  quadrants  of  the  iech'ptic^ 
and  added  in  the  second  and  fourth. 
no.  1026.  Let  E  be  the  pole  of  the  ecliptic  <r  L^  P  the  mean  pole  of  the 
227.  equator,  about  which  as  a  center  describe  the  circle  abed  with  a  radius  =  i^  ; 
draw  J^^PflC,  and  make  the  angle  aPp= twice  the  motion  of  the  sun  in  Ion- 
gitude  from  the  equinox,  and  p  will  represent  the  true  place  of  the  pole,  very 
nearly. 

For  Pp=^Y  •  i^^trrad.  :  sin.  2^ 

Pr  :  Cm:: sin.  23^  28'  :  rad. ^ 

.%  Cm  =  -:: — _-_^  =  i.  15    X  sin.  2y 
sin.  23  .  28  "^ 

Which  is  (1025)  very  nearly  the  equation  of  precession ;  if  we  tlierefore  supi 
pose  the  true  pole  at  p^  it  throws  the  tropic  from  C  to  m^  and  the  equinox  as 
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quc^  fje^txi  T  to  T  '9  and  this  is  the  case  titl^  s  90^ ;  and  as  y  incr^ses  from  90^ 
to  J.SpP,  j>  lies,  on  thg  otlier  side  of  J?C,  and  dirows  the  true  from  the  mean  eqifi- 
noJi,  onjhe  other  side  of  t  to  t  "•  Tliis  agrees  with  Art.  1025,  where  the  eqtti- 
tion  wa^  shown  to  be  negative  in  th^  former  case,  denoting  thereby  the  trufe  to 
lie  ajr  T\in  respect  to  <rthe  mean  equinox,  and  positive  in  the  latter .^  detiotin'g 
the  true  to  lie  at  v  **  in  respect  to  t  the  mean  equinox.  Also,  Pp  =  ^^  :  ^r : : 
Tad.  =  i  :  cos.  2y,  therefore  ^=z^*'  x  cos.  ^  the  nutation,  which  diminishes  the 
mean  inclination  whilst  the  sun  passes  from  45^  before  the  tropic  to  45°  after, 
and  increases  it  for  the  other  part,  agreeable  to  Art.  1024.  Hence,  the  in^-^ 
equality  of  the  precession,  and  the  nutation,  may  be  represented,  by  supposing^ 
thepdeof  the  equator  to  describe  a  circle  of  l''  diameter  about  the  mean  pole 
every  half  year,  making  the  true  pole  jp  to  set  off  from  a  at  the  equinoxes,  and 
to  move  in  consequentia  with  an  angular  motion  about  P  which  is  equal  to 
double  the  sun's  motion  in  longitude.  Hie  apparent  distance  therefore  of  every 
jrtar  from  the  pole  of  the  equator,  will  be  subject  to  a  variation  of  l"  twice  in  a 
year  ^om  this  cause.  This  motion  of  the  pole  of  the  equator.  Dr.  Maskeltmi^ 
has  mentioned  in  the  Preface  to  his  Tables,  published  in  the  first  Volume  of  his 
excellent  Observations. 


.  On  the  Precession  and  Nutation  arising  from  Hie  Action  of  the  Moon. 

c 

1027.  Hie  inequality  of  the  precession  of  the  equinoxes,  and  the  nutation  of 
the  earth's  axis,  arising  from  tlie  attraction  of  the  moon  in  different  situations 
of  its  nodes,  was  discovered  by  Dr.  Bradley.  With  his  2enith  sector  fixed  at 
Wanstead,  he  infbr^ls  us,  that  as  soon  as-  he  discovered  the  cause,  and  settled 
the  laws  of  the  aberration  of  the  fixed  stars  arising  from,  the  progressive  motioni 
of  lights  his  attention  was  excited  by  another  new  pha^nomenony  that  is,  an  appa- 
rent chs^nge  of  idecli;i4tion  in  some  of  the  fixed  stans ;  which  seemed  to  be  sen- 
sibly  greater  about  that  time,  than  a  precession  of  50"  in  a  year  would  have  occa« 
sionedk  In  consequence  qf  this  he  continued  his  observations,  and  frt)m  1727 
to  1732  he  found  th^t  some  of  the  stars  near  the.  solstitial  colure  had  changed 
tiieir  declinations  9'  or  10*  kss  than  a  precession  of  50"  wbuld  have  produced  { 
and  at  the  same  time,  that  others  near  the  equinoctial  colure  had  altered  theirs 
about  the  same  quantity  more  than  such  a  precession  would  have  occasioned ; 
the  north  pole  of  the  equator  seeming  to  have  approached  the  stars  which 
come  to  the  meridian  with  the  sun  about  the  vernal  equinox  and  the  winter 
a(dstice ;  and  to  have  receded  from  those  which  come  to  the  meridian  with  the 
sun  about  the  autumnal  equinox  and  summer  solstice.  Considering  these  cirv 
eumstances,  and  the  situation  of  the  ascending  node  of  the  moon's  orbit  at  the 
time  when  he  first  began  his  obs^vations,  he  suspected  that  the  moon's  ac- 
tion upon  the  equatorial  psurts  of  the  earth  might  produce  these  e&cts :  for 


reasonable  to  conpiiide«  that 
arises  from  the  moon,  would 
in  aifferent3'ears  be  vaned  m  its  quantity :  whereas,  the  plane  of  the  echptic. 
wherein  the  sun  appears,  keeptnff.^l^yays  very  neany  the  san^e  inclination  to 
the  equator,  ///€i/  part  of  the  precession^  which  is  owing  to  tlie  sun,  must  be  the 
snnie  every  year.  Hence  it  would  {pUow,  that  although  the  mean  annual  prer 
cession^  proceeding  from  tlie  joint  actions  gf  the  sun  and  moon,  was  S(fj  jet 
tlie  ifrt/e  annual  precession  might  sometimes  exceed,  and  sometimes  fall  short, 
of  tnat  meaii  quantity!^  according  to  the  yaiious  situations  of  the  nodes  of  the 
moon's  orbit.  *  lii  tlie  year  1 727,  the  moon's  ascending  node  was  near  the  be- 
Vritniing  of  Jli^leSy  and  consequently  its  orbit  was  as  much  inclined  to  the 
ec^uator  as  it  can  at  any  tip^ieb^)  .^d  then  the  /rue  annual  precession  was 
found,  lj^' his  firat  year's  p^^  be  greater  thm  the  mean;  and  the 

stars  near  the  equinoctial  cqlure,  whose  decfinatiojis  are  most  affected  by  pre- 

ession,  had  changed  Ihei 

fiiulA  ifi&ve  Cjiiised.  The  si 

nd  m  thtee  or  four  years 

leav6  ho  ropm  to  suspect,  that  it  was  owing  to  any  imperfections  eitper  in  the 
in^trumei^t  or  observations* 

But  some  of  the  stars  which  he  observed,  that  were  near  the  solstitial  colore, 
having  appeared  to  move,  during  the  same  time,  in  a  manner  contrary,  to  wbiit 
they  ought  to  have  done,  by  an  increase  in  tlie  precession  ;  and  the  deyiatipds 
in  them'^  being  as  remarkable ,  as  in  the  others,  he  perceived  tliat  something 
jmore  than  a  mere  chiange  in  tlie  quantity  of  the  precession,  would  be  requisite 
io  solve  the  pfueniymepon.  Upon  comparing  his  observations  of  stars  near  tKe 
Solstitial  coliire,  tbat  were  nearly  opposite  in  right  ascension,  he  found  that  they 


the'carth^s' axis.  Upon  making  tKe  like  Comparison  between  the  observations  of 
other  stars  that  Tie  nearly  opposite  in  right  ascension,  whatever  their  situations 
were  with  respect  to  the  cardinal  points  of  the  equator,  it  appeared  that  their 
change  of  declitiatioh  was  nearly  equal,  but  contrary,  and  such  as  a  nutation'of 
the  earth's  axis  would  effect.   ,    '  ,      ' 

The  moon's  ascendinjg  node  being  got  back  towards  the  beginning  of  Capru 
<:om  in  flie  year  I73!i2,  tlie  stars  near  tlie  equinoctial  colure  appeared,  about 
that  tini^,  to  change  their  dedinations  no  more  than  a  precession  of  50"  re- 
-quired  ;  whilst  sonie,  of  those  near  the  solstitial  colure  altered  theirs  above  2" 
in  a  year  less  tlian  they  ought*  Soon  after,  he  perceived  the  annual  change  of 
declination  of  the  fbimcr  to  be  diminished,  so  as  to  become  less  than  50"  of  pre- 
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cessidh '^Wul  J  b&use ;  and  it'contil^ue^Jto  ditffiliish  till  the  yeat  1736,*  when  ilie 
fliONdilS  ^kiceniing  node  was  *ftbout  th^  beginning  of  Libra ^  'am  its  orbit  had  tlie 
kiai  ipti{i\2ilion  to  the  equator.  i3y  this  time,  some  of  the  stars  near  the  sdlsti- 
tiaf  b'diiir^'  liad  altered  their  declinations  18"  few,  since  the  year  1727,  than  they 
bueht'to  fcave  ilbne  from  a  precession  of  5(f.  For  y  Draconis^  which  in  those 
nine  years  should  have  gone  about  8"  more  southerly ^  was  obser\^ed  in  1736  to 
appear  10*  more  northerly  than  it  did  in  1727. 

As  diis  appearance  of  y  Draconis  indicated  a  diminution  of  the  inclination 
of  the  earth's  axis  to  the  ecliptic  ;  and  as  it  had  been  observed  that  that  incli- 
nation was  regularly  diminished,  if  this  phgenomenon  depended  upon  such  a 
caiise,  arid  amounted  to  18^  in  nine  years,  the  obliquity  of  the  ecliptic  would, 
at  that  i^te,  alter  a  minute  in  SO  years,  which  was  faster  than  had  been  found 
from  observations.  He  therefore  thougtit  that  some  part  of  this  motion,  if  not 
the  whole,  might  arise  from  the  action  of  "the  liioon  upon  the  equatorial  parts 
of  the  earth,  which,  he  conceived,  might  cause  a  libratory  motion  of  the  earth^^ 
akis.  But  as  he  was  unable  to  judge,  from  only  nine  years  observations,  whether 
tfie  axis  would  entirely  recover  tlie  same  position  that  it  had  in  1 727,  he  found 
it  necessary  to  continue  his  observations  through  a  whole  period  of  tHe  moon's 
fiodes  ;  ii  the  end  of  which  he  found  that  the  stars  returned  into  the  same  po- 
sitions again,  as  if  there  had  been  no  alteration  in  the  inclination  of  the  earth^s 
•iy^^y  wHich  convinced  him  ttiat  he  bad  rightly  assigned  the  cause  of  the  phtB- 
fiomehon  ;  'anc[  the  very  near  agreement  of  his  observations  upon  different  stars 
with  this  theory, 'through  a  revolution  of  the  moon's  node,  indisputably  con- 
firmed it.  The  following  Table  contains  his  observations  upon  y  Draconis  for 
So  years.  The  first  column  contains  the  times  of  the  observations ;  th«  se- 
cond shows  th^  number  of  seconds  the  star  was  south  of  88^  25*,  that  being 
the  point  ot  the  limb  of  the,  sector  with  which  this  star  was  compared;  the 
tliird  contains  the  alteration  of  tb^  polar  distance,  which  tlie  mean  precession, 
at  the  rate  o^  one  degree  i^^Ajf  years,  would  cause  in  this  star,  from  Mai:c!i 
37, 1727,  to  the  d^y  on  whicli'  the  observation  was  taken ;  the  fourth  shows  the 
aberration  of  light;  the  fifth,  the  equations  arising  from  the  aforementioned 
hypothesis  ;  and  the  sixth  gives  the  mean  distance  of  the  star  from  the  point 
with  which  it  was  compared,  found,  by  collecting  the  several  numbers,  accord- 
ing to  their  sigqs,  in^  the  third,  fourth  and  fif'tli  columns,  and  applying  them  to 
^e  observed  distances  contained  in  the  second. 

If  the  observations  had  been  perfectly  exact,  and  the  several  equations  of 
dieir  due  quantify,  then  all  the  numbers  in  the  last  column  would  have  been 
equal ;  but  since  they  differ  a  little  from  one  another,  if  the  medn  of  all  be 
taken,  and  the  extremes  are  compared  with  it,  we  shall  find  no  greater  difier- 
.ence,  than  what  may  be  supposed  to  arise  from  the  uncertainty  of  the  observa- 
tions themselyes  j  it  no  where  amounting  to  more  than  1  \\    The.  hypothesis 
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tliere^ie  «eeiiUf  in  this  sUr^  to  s^jree  extreinelj  well  with  t)i«  ^ibsernlkaiB 
here  s^t  down ;  but  as  I  had  m^de  300  of  it,  I  took  the  trouble  of  com 
cf^h  of  them  with  the  hypothesis:  and  although  it  might  have  been 
that^  in  so  lai^ge  a  nMml>ery  some  great  errors  would  have  occurred,  yet 
are  very  few ;  viz.  only  eleven,  that  difl^  fixun  the  mean  of  these  so  much  as  dE^j 
and  not  one  tliat  differs  so  much  as  ST^  This  surprising  agre^iiveiit, 
in  so  long  a  series  of  observations,  taken  in  all  the  various  seasons  of  the 
as  well  as  in  the  difierent  positions  of  the  moon's  nodes,  seems  to  be  s 
cient  proof  of  the  truth,  both  of  this  hypothesis,  and  also  of  thai  winc^  J[ 
formerly  advanced,  reUting  to  the  aberration  of  light ;  since  the  polaj 
tance  of  this  star  may  difier,  in  certain  circumstances,  almost  a  minpf^^ 
56]%  if  the  corrections  resultipg  from  both  these  hypotheses  are 
whereas,  when  those  equations  are  rightly  applied,  the  mean  place  of 
star  comes  out  the  same,  as  nearly  as  can  be  reasonably  expected. 
'Dr.  Bradley. 


■VMVa 


7  DRACONIS. 


1727  September  3 

1728  March        18 
September  6 

1729  March         6 


1729  September  6 
l?dO  September  8 

1731  September  9 

1732  September  ^ 


South  of 
38^.25' 


7or',5 

108,7 

70,2 

108,3 


/" 


1733  August      29 

1734  AugWt       11 

1735  'September  10 
1/736  <  Septcinberi  9 


"^^i 


T 


69,4 
69,0 
66,0 
64,3 


■*^ 


Precession. 


0*^4 
0,8 

1,2 

1,6 


2,1 

3,8 
*,6 


■•^^ 


Aberration  Nutation 


+ 19",2 
-19,0 
+  19,3 

-19,3 


+  19,3 
+  19,3 
+  19,3 

+  19,  3 


60,8 
62,  S 
60,0 

59,  <a 


ll'i 


1737  September   6 

1 738  September  1 3 
173d  September  2 
1740  September  5 
1941  September   S^ 


■ iH  » 


•^mt^ 


5 


1742  September 

1743  Septembi^r   2 

1745  September   3 

1746  Septemb6rl7 

1747  September  2 


— ^.Tr- 
ee, 8 
62.0 

6?;  6 

70;  8 

75,4 


■.»    <M  <!■ 


7§^7 
81,6 
86,3 
86,5 
86,1 


6,'2 

7,1 
'ift,0< 


-8,8 
-9,6 

i-id,i-" 

-11,3  "' 
-12,1 


12,9 

13,7 
15,4 
16,2 
17,0 


+  19,6 
+  16,9 
4J19j» 
+  >19,8 


•^T> 


^f^m^^mm 


+  19,3 

+  19»3  , 

+  I9,-2' 

+  1&,S 
+  19,2 


I  ■!   II  J    I 


-8",9 
—  8,6 
-8,1 
-7,4 


-6,9 
-3,4 
-1,0 
+  2,0 


Mean 
DistamoeJ 


80%4 
80,3 
80,2 
80,0 


80,2 
.80,5 
80,5 
81,0 


+  4,8 
+  6,9 
+  7,9 
+  9jO 


+  8,5 
+  7,0 

+  4,7 
+  1,9 

-1,1 


+  19,  a 

+  19,1 
+  19,2 
+  I9^ij 
+  19,2 


—4,0 

-6,4 
—  8,9 

-8,7 
-7,6 


79,2 
79,9 
80,1 
79,6 


T-y 


79,8 

78,7 
80,0 

8b,  T'" 
81,4 


79,1 

80,6 
81,2 
80,8 
80,7 
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Th^^irdbclusioli  derived  fh>m' tJiese  observkticihs  ^  thkt  th^'^adual  (iini^^ 
rmiSdfidf  the  Obliquity  of  the  ecliptic?  to  Hhe  eqditor  does  not  arise  from  ak 
altei^tfoti  in  the  position  of  the  earth'd'axis,  "btit  fi*6m  some  alteration  in  ttie 
edISptic  itself;  because  the  stars  at  the  end  of  the  period  of  thtS  moon's  node, 
Uppeiared  in  the  same  places  with  resjject  ib  the  equator,  as  they  ought'  ^o 
have  done,  if  the  earth's  axis  had  retained  the  same  incllniation  to  ah  invariable 
pane. 

Dr.  BftADLET,  in  his  observation  upon  n  iTrstB  Majbris,  in  the  years  1740 
MlSa  1741,  found  that  they  gave  the  polar  distance  3"  greater  than  tKe  mean  of 
the  other  y^ars ;  and  observes  that,  had  there  been  only  a  single  observation  in 
efiich  of  these  years,  part  of  this  diffference  might  huve  been  supposed  to  have 
ariil^h  ftbm  their  uncertainty ;  but  as  thi^re  Wre  eight  observations  taken  within 
a  week  ih  1740,  which  agree  welli;irith  ehch'other;  and  three  were  made 
Hithin'twenty  days  ih'  Ifi'l  which  likcWisii  Correspond  with  each  other,  he  was 
inclined  to  think  that  the  aforementioned  difference  must  be  owing  to  some 
dther  clause ;  and  he  suspected  that  the  position  of  the  moon's  apogee,  as  well 
As  of  itft  nodes,  had  some  relation  to  this  apparent  motion. 

1028.  Dr.  BHAriLEY  comtatmi dated  his  observations  to  Mr.^MAdHiN,  who 
toon  after  sent  him  a  Table  of  the  annual  precession  and  the  corresponding 
ftufcitidn,  in  the  various  situations  of  the  moon's  nodes.  These  ^eire  calculated 
upon  Supposition  that  the  pole  of  the  equator,  during  a  period  of  the"  moon's 
nodes,  moved  round  in  the  periphery  of  a  circle  of  18*  diameter,  having  the 
tenter  23°.  29'  from  the  pole  of  the  ecliptic,  that  circle  having  an  angulaf  motion 
of  50"  about  the  same  pole.  The  north  pole  of  the  equator  was  conceived  to  be 
in  that  part  of  the  small  circle  which  is  furthest  from  the  north  pole  of  the  eclip- 
tic, when  the  moon's  ascending  node  is  in  the  beginning  of  Aries ;  and  the  op- 
posite point  of  it,  when  the  same  node  is  in  the  beginning  of  Libra.  But  Dr. 
Bradley  afterwards  ol&served,  that  the  calculations  would  agree  better  with 
observatiotis,  if  the  true  pole  of  the  equator  deapribed  an  ellipse  instead  of  i^ 
circle,  whose  niinor  axis  is-  about  16",  and  lying  parallel  to  the  ecliptic.  This  is 
confirmed  by  theory.  From  all  the  observations  of  Dri  BftiiDLBViDh'  Maske- 
LtKE  fixed  the  whole  nutation  «  19",1.  In  the  Table  we  have  computed,  we 
have  assumed  if  19".     '     '  ^^ 

1039.  Sir  I.  Newto:^j'  had  taken  notice  of  the  nutation  ot  the  earth's  axis  ; 
iatid  Mr.  Flamstead  in  his  Itist.  C^t.  Vol  llL  p.  113,  informs  us  that  he  at- 
tempted to  discover  its  qijantity,  but  found  .hi?  instruments  not  sufficiently 
accurate  for  the  purpose.  M:  de  la  Lande  also  observes,  that  the  following 
passage  was  found  in  the  ttiatiuscripts  of  IIom&r  :  Sed  de  dltittuHnibiis  nan  per- 
inde  certiis  reddebar^  tarn  oh  refi^aciidnum  variehtem  qttt^  ob  dUam  non  dum 
liquido  perspectam  catisam ;  sciUcei  per  hos  duos  dnnos^  quemadmodum  et  alias^ 
txpertus  sum  esse  quandam  in  decUnaUonibus  varietateifi  quce  wc  r^actiombus  nee 


^  ■  ■•        V  „. . 


it4^  *\jk  Att'^tfticiinoir  OF  -rat  iw^wolu^ 


j93AK£BK6ris\f^lH>i^>,  skit  duOo  raO^  ^SkmoiMefkr^nfaam  foSmiksiriM  nffii 

NotwithsCandihg  however  tlie  nutation  of  the  earth's  axis  had  been  so  long 
^edied,  ihe  dSscov^ery  of  th6  eaa^  an^  qUaiitii^  theireof  wa$.  f^^^MlMlnftftoDfl 
BnA^^Y;  1^  pii6ce«d  noyf  tb^;tiMitl6>;'how^il  tMs  a^rees'Vnth  ihtfiMNiduiiottf 
d«liiC©AA«P  tbe-th^ry  qf  .gcav/lftr...  ^  .,i ,  ^,,, ,,, ;  '  "  ^  ^  ^  nir  nL-i  ,iP3 
FIG.  1030.  llie  effect  (853)  of  the  body  at  iS'upon  a  particle  at  >£ -tttries  as  the 

224.  Q^^  of  ^^  a)pparent  diametec  a^JS  s^p  from  7  aod  the  density  f;^ i^  i9<^Rif IBfJjf^ 
therefore  ai  the  apparent  diameters  of  the  sun  and  moon  seen  from  tlie  earth 
may  t)e  considered  as  equiA,  the  efibfct^  of  the  isun  and  iMbn'  inpd^-  iei'  ^tiUrticfe  E 
of  the  earth;'  given  in  t)Osifibri,  tWttbe  ^  fhelt  densities.  Hehcci;*JB^*t  >«'t  ?^ 
density  of  the  moon  :  density  of  the  sun,  and  ^i=the  ivhole  prec^e^bij^gtftfii^ 
rated  by ^the  sun  in  oneyeal",  iM!^  t^ouMV^presentthe  meati  p^eee^8ii>n4ijf'the 
moon  iri  \kt  ^aine  time,  if  St^^'drbiV  litad  the  skme  inclination  to  the  e^u^jif'jiti 
710.  the  ecliptic  has.  But  this  is  not  the  caseJ  T6  fitid  thefefc^e  the  effect' prodtttt* 
228.  edib)f  the  moQn,:jlet/!FA^e£,  represent  the  oi;bit  of:  the  oboon  intersQcting  tii# 
ecliptic  vCi  in  N^  and  let  nr  £LFbe  the  position  of  the  equator  when  the 
moon-passedritat  i^^  and  ^e^  when  it  passed  it  again  ^e.i;;))isect<rXtii;^^ 
arid  draw  the  great  circle  CrR  perpendicular  to  v  i.  Now  (1022)  the  preces- 
sion, cctkris  pdribtiSj  varies  as  the  cosine  of  the  angle  which  the'orbit  ei  iiMt; 

body  makear  with  the  equator ;  hetice,  dos.  t  :  cos.  JS  ::m2i  ifHtAx  ^^^^     r  the 

cos**<r      *\^ 

mean  precession  arising  frpm  the  moon  in  a  year  j  hence,  i^  /=:. the  time  the 
moon  is  moving  in  its  orbit  from  i^  to  e,   1  year  :  t:\mA  x  -— —  :  imA  x 

V  .  ,  COS.    <Y» 

_£!: '  the  mean  precession  Ee  caused  by  the  moon  in  respect  to  its  own  or- 

cos*  nr 

bit. '  Now  to  reduce  tfiis  to  thye,  ecliptic,  and  find^  the  i>recession  duriiig«^  revolu-' 
tion  of  the  mopp's  node,  we  shall  follow  and  explain  the  method  given  by  Mr* 
T*?  Simpson  in  his  MisteUanidUs  Tiiicts'y'Xt  rf^^&ring»tO'bd  as'Shnple  as  the  na. 
ture  of  the  ^^^ubject  will  admit  of.     ^  ,, 

1031.  As  the  inclination  of*  the  ^hrth's^xis  tti  the  end  of  every  half  revolu- 
tion, on  the  return  of  the  sun  or  m^on  again  to  the  equator,  is  (1023)  restored 
to  its  forrh^r  quantity  on  tlie  respective  orbits,  th^e  ^nglQ^£,.e,  f^f  are^pqual, 
and  the  triangles  DEe^  DFf  are  similar  and  equal  in  all  respects ;  therefore 
DE-^Dc  l^eing  =  -D-E  +  Z)jP=:a  semicircle,  both  DE  and  De  may  be  takep  as 
quadrantal  arcs.  Now  sin.  ED  (  =  rad«)  :  sin,  e,  or  J?, ::  sin.  Ee^  or  ECj  :  sm* 
eDEy  or  eDE  =  sin.  E  x  Ees  also,  sin.  a,  or  t  :  sin.  tD,  or  cos.  t£,  ::  sin* 

ebk  or  eDE,  :  sin.  a<r,  ova  <v  =S2tl^  x  eDE=z^^t^  x  sin.   E  x  Ee 

sm.  <r  sni,  t      .  .     * 

-  /m4  X  ^Hl^ .'' ""  "^ -^  ''  cos^jr_E  ^^^  precession  upon  the  ecliptic  in  the 
""  sin.  T  x  COS.  nr 


?/:  ** 


rin.  TNxaiB.Nxcoa.E  Ug^^^^  (from  tft^«»nitt€Kpt^§teh'ft»\J^'aiitlil* 
tf6fl'>;'tbfe  ihdtitid*!  file  cbrresp<fadln^  ^6t^ioir>>?Bltf/v  n'W^-y.-^.^t^eotm. ' 

ill!'.'  j'*  ■•■•■  ;    •  •  ■    ••■  ■' ■•  ■■'.'    lilt   r..  '•.'i^^imrj-,  m  'U.-i^}^^^^  ■.     .  .-'    . 

ti(mMpf„tke  aqdf. .),         .i;     \    {)(i/;  ^nri«  odt  t=,  •■; . -is-'      .. .00. .•  .,,■•<   .'.,-•..•. 

noide=i2^  and  l^tv.Qr^fe.g^TSP^^nlaip)  J^E..,.,'V^&f3 ; 99^  N^i*  9fiM^^',^ 
2i  i :: coten.  JVJ  or  -4v  :'<aii^  ff^Q^'-^s  let  thid  b6  dendttd  by  * y  «hie«  ithe 

secant  of  thd'sJAme  ancle  =f*/r+^  its  sineis    ',      1'  , and  cosinete :c»+ufi»s-ii 

-......■      -.  .  '>      ry       '^,.,    .,'■.    :.:     ■    v/L  +  A*         ■  .  ,,    .  i .  v^l  .-I:  A^'» 

hepce,  the«ine  of  ,tbtt  diflferenoe  of  the  two  angles  jy<v>Q  QAdi^T.T.^  willJile 
-»,^^;i^, and  the  co$we=  ^^ullLv    Also,  sin;  ^rQ^vsin.  JEt  Q::co8.  ^v 

COS.  E  =^^!Lt^2Li=,hd~  =  hdrHuy^^ii  cos^JSTtQ:  eo8.£TQ:;cot.ArT,of 

"h  h       , 

^    •cotan.T£==rMSrxi^=^^^:'^    because  A  =-^.     But   (I03i:(   % 

. x»      ^  X.-       /•     xu    X'        *    4^  vi     Sin.   T-^  X  sin.  N  x  cos.  JS         ._»  ^  <'^ 

suae  of  nutaboQ  for  the  time ^=tpi»M»  x     ■  ■■!■  ^a^it]!;  -  .b  m.^h-v.    ^^rf^  r^j 

^ — %^afid.thc  time JtiCw^ii^st: the.  m^^^e  ^g^^^^s  .^^  ^^^•;.i.i>?^,*!??^ 

fore  t=ijt x£_; — ^;^,,.,    :  hence,  the  nutation "Vhilst  the  nodi!  '^escnh^s^zii 

(Writing ^T^  for  y)  ic: mAR  x^x  m   >-  ^*i,  whwe:CQi5W5<?ll;;%i^^ 

mAR  X  —  X  bd—bdy/  1  —  a:*— ^  acx*  is  the  nuta(ti(m',  or  decrease  "bf  tite  inclft- 

nation  of  the  equator  to  the  ecliptic,  caused  by  the  moon,  for  the  time^the 
node  has  moved  from  t  to .  A^.  Next,  with  regard  to  the  corresponding  pre-^ 
cession,  the  increase  thereof  being  (lOSl)  in  proportion  to  the  decrement  df 


...  • 

.     ,  ■.»<••■.,.  •  *•  L»»      *y    •»         t 

niji^ti^n   as   the   cotangent  of  r  iJ  to  the  ^ine  of  iVnr£,  or  a$  .-r*- — ^=: 
?^,ti;^V'^>""'^*  to  a,  therefore  the  fluxion  of  the  precession  «  Uiiiij'  x  ~\-r  - 

JS£L-+b*-^a'  X  cdi'  -  abc\v  ^  I  -  x\   whose  fluent  fhAR   x  -V 
X  abd'z  +  A*  —  a*  X  cdlr  —  ^  abc*z—^  ^  abc^x^/ 1 — a?*  is  the  true  precession.  . 

,  1033.  Hence,  »t-  th^  end  of!  half  a  revolution  of  thfe  node,  or  when  itt  arritw 

jlt£»>tf  I>»*'it0,aftd2r^e/  tHwefbre  thdnutttioti'rs  iw^A  x  —  >  4li(f  th'e 

precession  =:viAR  x  I- Jc%  beciilise  c*+rf*aK  l.     Hence,  the  whoie  quantity -of 
nUtatioA  durifig  half  a  rlsVohitiod  of  thiS  SKxle  fVom  or  :  the  convspooditig  qvMtt* 

thy  of  prwession ::  ?^  :  1  -i c* ::  10  :  174  tery  nearly. 

16^4.  Hence,  the  niean  precession  of  the  equinox  from  the  action  of  the 
moon  is  to  what  it  would  be  if  the  moon's  orbit  coincided  with  the  eclip^ip 
M  \^i6'  it:  Bat  if  the  ffiooft's  orbit  cdififcided  with  the  ecliptic,  the 
effect  of  the,  mopn  vpuld  (lOSO)  be  to  that  of  the  sun  in  the  ratio  of  their 
densities,  therefore  the  mean  precession  of  the  moon  :  that  from  the  sup, 
InJt  d6fhiJ<Wind  ratio  of  1  —  re*  ==0,986  :  1,  and  of  the  density  of  the 
moon  :  the  density  of  the  sun ;  consequently  the  density  of  the  moon  : 
the  denasliy  of  the  saft  > :  ptecemtm  ftdin  the  moon  :  precession  from  the  sun 
,x  0^988.*  • 

10$JI*  As  the  precession  in  half  a  revolution  ctf  the  nddeinmJR  x  rf*-*-J  c% 

we  have,  e  :  iir.MARx  rf'-^c*  :  mAR  x~  x  cT  ^  ^  xf  the  mem,  precessioA 

■  •'*  ■'-..■■  ■  ..•■'■  ■       ■  ' 

whilst  the  node  moves  over  the  arc  z^  which,  subtracted  from  the  true  pre- 

ce^ion  (fdtmd  in  Article  1082),  we  get  kAR  x  l^-  x  t>*  —  i^  x  cdx  for  the 

equdtidn  of  thj^  eiqiufldxeSj  neglecting  -^  afc*a?  ^l  ^x"  als  never  amounting' to 
^'.     Hence,  the  equation,  wh«tt  the  node  has  made  one  fourth  of  a  revo- 

lurioii,  ^^iU  be  WAR  X  ±.^  X  irrdTx  cef,  which  isio'ttie  gfektest  nutation  ?n^^ 
X -^,  itei'irig  imlf  a  revolutidtt  6f  the  node,  as  fc*  -  a*  :  2ab.  or  ais  1  ; 


rg—^, '  that  is,  is  •  fadliis  :  the  tangent  of  double  the  inclination  of  the  equator. 

4  1     4    • 

to  the  ecliptk..  .  i       •    S^^        ;  ..      'i>i 


1036.  As  c  19  but  very  small,  .we  may  neglect  the  last  terpi  jm  the  expression 
1^  tbe  nutation,  a3  Well  as  in  the  equatictfi  orpilec0saipi[i,  without  any  c^onsictcvrab'l'e 

error ;  hence,  the  nutation  becomes  mAR x  ^  ^  i  ^\/\'^^^   whic^  ^'kii^^ 

as  1— v^l  -0?*  the  versed  sine  of  the  ntniles'  true  longitude ;  and  idAe  oqut^oft 

of  precession  mA'R  x x  6*— flf*  x  cda:  varies  as  a^  the  sine  of  the  node^s  true 

abe 

longitude* 

1037.  If  the  annual  precession  arising  from  the  sun  be  taken  =  21".  e"*  as  in 
Art.  1022.  and  the  whole  precession  =  50"^  then  the  part  arising  from  the  action 
of  the  moon  will  be  28\  54/" ;  hence  (1034),  the  density  of  the  moon  :  density 
of  the  sun ::  28".  54'"  :  21".  6"'  x  0,988  =  20".  8",  which  ratio  does  not  agree, 
either  with  the  proportion  deduced  from  the  tides,  or  with  the  accurate  obser- 
vations of  Dr.  Bradley.  The  best  method  of  settling  this  point,  is  from  the 
greatest  nutation. 

1038.  The  nutation,  during  half  a  revolution  of  the  moon's  node  from  Aries, 
Dr.  Maskeltne  fixed  at  19",1,  and  which  we   shall  here  assume  19";  hence 

(1033),  10  :  174::  19"  :  -J — ^ the  precession  from  the  moon  during  that 

time,  which  we  may  take  equal  9,31  years  ;  hence,  the  mean  precession  from 

the  moon  in  one  year=— — ;  therefore  if  we  take  the  whole  precession  in 

^  10  X  9,31  ^ 

^     U      irr.1"  1,  nnA"      174  X  19"         10  X   9,31    X    501"   -    174    X    IQ'* 

a  year  to  be  50z  ,  we  have  504  — -. —  = 1 ! . 

^  ^  ^       10x9,31  10x9,31 

for  the  part  of  the  precession  arising  from  the  sun.     Hence  (1034),  the  density 

of  the  moon  :  the  density  of  the  sun::  174  x  19"  :  "10^x^9,3 lir50i"^74  x  19' 
x  0,988  ::  2,44  :  1.  The  part  therefore  of  the  precession  arising  from  the 
action  of  the  moon  =  35".  39"',  and  that  of  the  sun  =  14".  36"' ;  and  the  greatest 
equation  (1035)  of  the  precession  arising  from  the  moon=17",7. 

1039.  The  equation  of  the  precession  (1036)  varies  as  x  the  sineof  the  node's 
distance  from  <v  measured  ^Contrary  to  the  order  of  the  signs  ;  but  if  Xnthe 
longitude  of  tlie  node,  sin.  ^r:  —sin.  L  ;  therefore  rad.  :  ^sin.  X ::  17",7  :  the 
equation  of  precession  =  —  sin^  L  x  17*,7  ;  hence,  the  equation  is  to  be  sub- 
tracted from  tlie  mean  precession  when  L  is  less  than  six  signs,  and  addedj 
when  greater.  '      '  ''  ■ 

1040.  As  (1036)  the  decrease  of  the  inclination  of  the  equator  to  the  ecliptic, 
from  the  time  the  node  coincides  with  <r,  is  as  the  versed  sine  of  the  node's 
distance  from  that  point,  the  inclination  must  be  at  its  me^n  value  when  the 
node  is  in  the  solstice ;  hence,  the  difference  between  the  mean  and  true  va- 
lues will  be  as  the  difference  between  the  versed  sine  and  radius,  or  as  the 


IS8 


oir  THB  nuteiaflnir  of  nat  equinoxes,  &e. 

eoaiiie  of  the  node's  distance  fion^  ^f  tbera&ra  to  find  the  nutation  at  any  time, 
say,  rod.  :  cik.  zv.  9^,5  :  the  mriathn  ~^\5  x  cos.  z;  which  must  be  addedj 
when  the  node^is  in  the  ascending  signs  vf»x9sr,  k,  t,  b,  n,  but  subtracted^ 
when  in  the  descending  signs^  ^^  a,  sn*  ^f  ttt>*  / » to  get  the  true  obliquity 
of  the  equator  to  thfe  ecliptic ;  hence,  H^e  eqsuxUon  i^lke  obliqui^  f(f  the  ediptie 


■  1    % 


AKB  THB  Kux^imr  or  THS  sabtr's  axis. 
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ISO  ON  THE  PRECESSION  OF  THE  EQUINOXES, 

Ex.  Let  the  distance  of  the  ascending  node  of  the  moon  from  the  firs 
point  of  Aries  be  4\  18*^.  40' j  to  find  the  equations  of  the  precession  and  ob 
liquity. 

« 

ITie  equation  of  the  precession  for  4*.  15^.  is  - 12",5>  and  for  4*.  SO**  it  i 

—  ll",4;    hence,  5°  :  3°.  40'  ::  l",!  :  0%8,  which  taken  from  —  12",S  leave 

—  ir',7  the  equation  of  precession.  Also,  the  equation  of  the  obliquity  fo 
4\  15°  is  —  6",?,  and  for  4'.  20'  it  is -7 ',3  ;  hence,  S""  :  3^  40'  ::  0",6  :  0",4 
wliich  added  to  — 6",7  gives  — 7",1  the  equation  of  the  obliquity.  Thes< 
equations,  witli  those  arising  from  the  sun  (1024,  1025),  applied  to  the  meai 
precession  and  obliquity,  give  the  true^  so  far  as  regards  the  displacement  of  th< 
equator. 


229. 


1041.  The  nutation  aiising  from  the  moon,  and  the  equation  of  the  precession 
FIG.  may  be  both  together  represented  thus.  Let  P  be  the  mean  place  of  the  poU 
of  the  equator  pc  V^  E  the  pole  of  the  ecliptic  t  Y ;  in  EP<s>  take  PA^ 
PB  =  9",5  half  the  greatest  nutation,  and  describe  the  circle  BDAG^  anc 
draw  DPG  perpendicular  to  AB^  and  take  PC  :  PD::  cos.  2EP  :  cos.  EP:: 
6828  :  9173;  describe  the  ellipse  BCAFy  and  the  true  place  of  the  pole  oj 
the  equator  will  always  be  found  in  the  circumference  of  this  ellipse ;  anc 
make  APS  =  the  distance  of  the  moon's  ascending  node  from  cy*,  draw  SpH 
perpendicular  to  AB,  and  p  is  the  true  place  of  the  pole.  For  di'aw  the  great 
circles  EC,  EpT;  then  it  is  manifest,  that  EA  and  EB  will. be  the  greatest 
and  least  distances  of  the  two  poles,  AS  being  =  19"  the  greatest  nutation  ; 
and  rad.  ;  cos.  APS\  or  cos.t/,::  PS=9%5  :  PiJ=:9",5  x  cos,  z  =  (1040)  the 
nutation,  therefore  ERy  or  Ep  very  nearly,  is  the  true  distance  of  the  poles. 

6*  — fl* 
Also,  by  Construction,  CP  :  AB:\^  cos.  2EP  :  cos.  EP : : :   b ;  and  bj 

Spherics,  sin.  PEC  :  sin.  PC,  or  (on  account  of  their  smallness)  PEC  :  PC,:: 
rad.  ;  sin.  EC,  or  EP,  or  a  ;  hence,  by  compounding  these  two  proportions, 

PEC  :  ABy.  ^-LZL^  :  ab  ::  b'^a'  :  2ab,  which  proportion  to  find  PEC  is  the 

same  as  that  in  Art.  1035.  to  determine  the  greatest  difference  of  the  true  and 
mean  longitude,  consequently  PEC  represents  that  difference.  Hence  it 
follows,  that  the  angle  REp  will  express  the  difference  of  the  mean  and  true 
longitudes,  at  the  given  position  of  the  node ;  for  rad.  :  sin.  APS  : :  PH  :  RS 
::  PC  :  Rp  ::  the  angle  PEC  :  REp,  as  it  ought  to  be  by  Art.  1036.  As 
therefore  Ep  is  the  true  distance  of  the  poles,  and  REj)  expresses  the  dif- 
ference between  the  mean  and  true  longitudes,  p  must  be  the  true  place  of  the 
pole.  Now  as  the  inclination  of  the  equator  to  the  ecliptic  decreases  from  the 
time  the  ascending  node  of  the  moon's  orbit  leaves  Aries  till  it  gets  back  to 


Alfi>  THE  NUTATION  OF  THE  £ARTH*S  AXIS.  13] 

Ubra ;  therefore  the  pole  of  the  equator  during  that  time  has  in9ved  from 
A  to  B;  and  as  the  equation  of  the  precession  for  that  time  is  to  b^  added  to 
the  mean  precession  by  Art.  1039.  it  makes  the  true  precession  greater  than 
the  mean,  and  therefore  the  true  place  of  the  pole  must  have  been  behind  the 
mean  place,  consequently  the  pole  has  moved  from  A  in  the  direction  ACB. 
This  matter  therefore  may  be  simply  explained  thus.  If  the  precession  were 
uniform,  and  there  was  no  nutation,  then  the  true  place  of  the  pole  P  would 
(1021)  describe  a  circle  about  E  contrary  to  the  order  of  the  signs,  with  an 
angular  velocity  equal  to  that  of  the  precession  j  but  the  precession  is  not  uni- 
form, and  there  is  also  a  nutation,  in  consequence  of  which,  the  true  motion 
of  the  pole  of  the  equator  is  in  the  ellipse  ACBFy  whilst  the  center  P  is 
carried  about  E  as  above-mentioned.  The  motion  of  the  pole  in  the  ellipse, 
therefore,  takes  into  consideration  the  effect  of  the  equation  of  precession  and 
the  nutation. 

1042.  Let  s  be  the  place  of  a  star,  ^  V  the  equator  to  the  mean  pole  P, 
t'JT  the  equator  to  the  true  pole  p  ;  draw  the  great  circles  Psma^  psnbd,  and 
let  «Y*c  be  perpendicular  to  <Y»'?f^  and  pr  to  Ps.  Put  v  =  APp,zz^APS^rj=i 
APSy  dzzthe  declination  of  the  star,  a  nits  right  ascension  ;  then  sPp  =r  r— v  ; 
also,  by  the  property  of  the  ellipse,  PD=:9\5  :  PC  =7",07 ::  RS  :  lip:\  tan.  z 

:  tan.  v,  therefore  tan.  r = 1^22  x  tan.  z;  and  PD:=.9\5  :  PC=7",07  ::  RS  : 

Rp^l^  X  U5;  butrad.  =  1  :  sin.  z  ::  PS-  9",5  ;  RS  z=,  9\5  x  sin.;^; 
hence,  Rp^TjC/J  xsin.  z ;  also,  cos.  v  :  rad.  =  l  ::  PR  =  9'\5  x  cos.  z  (1040) 

T>  g^n    m,         cos.    #W 

:  Ppzz9  ,5  X  . 

cos.  V 

1043.  The  mean  right  ascension  is  '^a:=z^b'\-ba*y  and  the  tme  right  ascen- 
sion is  T'flf=  TC  +  crfr:  vc+^b ;  hence,  the  variation  of  the  right  ascension 
^=^'c^ba  zz  tt'  X  COS.    23°.  28'  —  te  =  P  ®    x  cos.   23^   28'-  ba.     Now 

^T<3  =-: — ^2 ,, 7^07  X  sin.^    j^^^^  j.^   ^  ^^^^  23^  28!  =  7^07  x  sin.  z 

sm.  23°.  28'     sin.  23°.  28' 

X  cot.  23°.  28'  =  16',29  x  sin.  z.     Also,  sin.  sPp  :  sin.  sp::  sin.  Psp  :  sin.  Pp, 

and  as  Psp  and  Pp  are  very  small,  we  may  put  the  quantities*  themselves 

for  their  sines :  hence,  Pp  x  ^"'  ^"^  -  =  Psp  =z  bsa  ;   therefore    ab  =  Pp  x 

^       sin.  sp 

sin.  r  —  V  X  cos.  sp 
sin.  sp 


zzPp  X  sin.  r  —  V  X  tan.  </.     Hence,  the  variation  of  right 


*  The  arc  uh  is  called  the  deviation  in  right  asceiiMen>  mn  the  deviation  in  longitude,  and  Pr  the  de^ 
viation  in  north  polar  distance ;  <y»  v'  is  called  the  equation  of  the  equinoxes  in  longitude^  and  v'c  the 
equation  of  the  equinoxes  in  right  ascension.  2 


1S2  .O)r>TBB«BBCBaB10!r  OF  TBI  BQUmOSBS, 


COS*  V  COS*  V 


COS.  J2r 


16'',29  X  sin.  J8f-9V  x  — ^—  x  tan.  c/x  sin.  r x  cos.  r  —  sin.  v  x  cbk.  'f  tr  Tm 

COS.  i;  ^ 

the  tangent  rri-ljjl—  x  the  tangent  jj?)  16^,29  x  sin.  j5  —  the  tangent  d  x 

9  y3 
9%5  X  sin.  r  x  cos.  z^Tfil  x  cos.  r  x  sin.  z. 


^       c4  ,75  X  sin.  r — jg  +  4",75  x  sin.  r  +  « 

=  "    (S\53  X  sin.  7rZr^-3",53  x  sin.  rT'zl    ^^^'^ 

4-    16",29xsin.  jsr. 

But  (in  this  figure)  r=90*'-fl,  therefore  r±j8r=90°—  a  ±  ;r=:(so  far  as  regards 
the  angle)  a±;s— 90®;  and  the  same  is  true  if  a  be  greater  than  90%  and  rzza 
+  90®.     Hence,  the  variation  of  Bight  Ascension 


{4\7S  X  sin.  g— g  — 90®  +  4%75  x  sin.  a  +  z^ 90''i 
3%53  X  sin.  a-5?-90®-3%53  x  sin.  a  +  ;c-90°5    ^  *^°*  ^ 

4-    16^,29  X  sin.  J8f. 


=  tan.  rfx  (— S^gS  X  sin.  a-;5-.90®- 1",22  x  sin.  a  +  ;s-90^)  +  16'',29  x 
sin.  z. 

For  south  declination  d  is  negative. 
1044.  The  variation  in  DecUnation  is  sP-^-spzizPr  very  nearly, =P^  x  cos. 


cos.  z  ^«       cos.  z 


r^vzz&'.S  X xcos.  r-i;  =  9",5x x  cos.  r  x  cos.  v-fsin.  r  x  sm.  v 

cos.  V  COS.  l^ 

=  9%5  X  COS.  r  X  cos.  z+9\S  x  sin.  r  x  cos. ;??  x  tan.  te=:9',5  x  cos.  r  x  cos.  z  + 
7^,07  X  sin.  r  x  sin.  z 


£^"^15  X  cos.  r  —  js  +  4",75  x  cos.  r  +  j^  ^ 
^    (3%53  X  cos.  r  — z  —  3%53  x  cos.  rT5  5 


=  8",28  X  COS.  r-;^— 1",22  x  cos.  r +  «  =  8  ,28  x  sin.   a  -  ;?  -  1 ,22  x  sin* 
a^-z. 


AND  THE  SVTAnOn  QF  TWB  BAttTH's  AXI8. 

1041.  From  the  expressions  for^  the  varia4iton  in  right  ascension  and  decU^ 
nation,  we  calculated  the  following  Tables  for  more  readily  finding  those  quan- 
tities. ^-'^They  were  computed  by  M.  Lambed,  upon  supposition  that  t^^ 
nutation  was  18";  but  a  more  correct  value  being  19*  (1028),  we  have  here 
calculated  tl^e  Tables  for  that  quantity.  ^ 
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TABLE  I. 

TABLE  II. 

1 

i    >  ■           1    1 

TABLE  IIL 

Signs. 

Signs. 

Signs. 

r2 

• 

O.  VI. 

I.  VIL 

iLviir. 

O.  VL 

L  VIL 

ILVIII. 

O.  VL 

L  VIL 

II.VIIL 

ft 

\9 
V3 

+  — 

+  — 

+  — 

+  — 

+  — 

+  — 

—  + 

—   + 

—  + 

0 

0",00 

4",  14 

7",  17 

0",00 

0",61 

1",06 

0%(X) 

8",  14 

14',11 

30 

1 

0,  14 

4,26 

7,24 

0,02 

0,63 

1,07 

0,28 

8,39 

14,25 

29 

2 

0,29 

4,89 

7,31 

0,04 

0,65 

1,08 

0,57 

8,63 

14,38 

28 

3 

0,43 

4,51 

7,38 

0,06 

0,66 

1,09 

0,85 

8,87 

14,51 

27 

4 

0,58 

4,63 

7,44 

0,09 

O,  68 

1,10 

1,  14 

9,11 

14,64 

26 

5 
6 

0,72 

4,75 

7,50 

0,11 

0,70 

1,11 

1,42 

1 

9,34 

14,76 

25 
24 

0,86 

4,87 

7,56 

0,13 

0,72 

1,11 

1,70 

9,58 

14,88 

7 

1,01 

4,98 

7,62 

0,  15 

0,74 

1,12 

1,99 

9,80 

15,00 

23 

8 

1,  15 

5,10 

7,68 

0,17 

0,75 

1,13 

2,27 

10,03 

15,10 

22 

9 

1,30 

5,21 

7,73 

0,19 

0,77 

1,14 

2,55 

10,25 

15,21 

21 

10 
11 

1,44 

5,32 

7,78 

0,21 

0,78 

1,15 

2,83 

10,47 

15,31 

20 

•1,58 

5,43 

7,83 

0,23 

0,80 

1,15 

3,  11 

10,69 

15,40 

19 

12 

1,72 

5,54 

7,87 

0,25 

0,82 

1,16 

3,39 

10,90 

15,49 

18 

13 

1,86 

5,65 

7,92 

0,27 

0,83 

1,17 

3,66 

11,  11 

15,58 

17 

14 

2,00 

5,75 

7,96 

0,30 

0,85 

1,17 

3,94 

11,32 

15,66 

16 

15 
16 

2,14 

5,85 

8,00 

0,32 

0,86 

1,18 

4,22 

11,52 

15,73 

15 

2,28 

5,96 

8,03 

0,34 

0,88 

1,18 

4,49 

11,72 

15,81 

14 

17 

2,42 

6,06 

8,07 

0,36 

0,89 

1,19 

4,76 

11,91 

15,87 

13 

18!    2,56 

6,  15 

8,10 

0,38 

0,91 

1,19 

5,03 

12,  11 

15,93 

12 

19 

2,70 

6,24 

8,  13 

0,40 

0,92 

1,20 

5,30 

12,29 

15,99 

11 

20 
21 

2,83 

6,34 

8,  15 

0,42 

0,93 

1,20 

5,57 

12,48 

16,04 

lO 
9 

2,97 

6,43 

8,  18 

0,44 

0,95 

1,20 

5,84 

12,66 

16,09 

22;    3,  10 

6,52 

8,20 

O,  46 

0,96 

1,21 

6,  10 

12,84 

16,  13 

8 

23 

3,23 

6,61 

8,22 

O,  48 

0,97 

1,21 

6,36 

13,01 

16,17 

7 

24i    3,37 

6,70 

8,23 

0,50 

0,99 

1,21 

6,63 

13,  18 

16,20 

6 

25 

3,50 

6,78 

8,25 

0,52 

1,00 

1,22 

6,88 

13,34 

16,23 

5 
4 

26 

i    3,63 

6,86 

8,26 

0,53 

1,01 

1,22 

7,14 

13,50 

16,25 

27 

3,76 

6,94 

8,27 

0,55 

1,02 

1,22 

7,40 

13,66 

16,27 

3 

28 

3,89 

7,02 

8,27 

0,.57 

1,03 

1,22 

7,65 

13,81 

16,28 

2 

29l    4,01 

7,  lO 

8,28 

0,59 

1,05 

1,22 

7,90 

13,96 

16,29 

1 

30 

4,14 

7,17 

8,28 

0,61 

1,06 

1,22 

8,  14 

14,11 

16,29 

0 

V.  XL 

IV.  X. 

IIL  IX. 

V.  XL 

IV.  X. 

III.   IX. 

V.  XL 

iV.  X. 

IIL  IX- 

^ 
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Ex:.0  n  January  1,  1790,  the  right  ascension  of  a  Lyrce  was  9'.  7^.  27',  and 
its  declination  was  ^38^.  35'.  44" ;  to  find  its  nutation. 

.    The  longitude  of  the  moon^s  ascending  node  was  7*.  16^  36';  hence» 

a=9\   7^27'. 

;k=7.   16.  36     .     -     -     .    +11'',64  Tab.  III. 


a-^z=\.  20.  51     -     -     -    -   +   6,42  Tab.  I. 
a 4-^=4.  24.     3     .     -     -     -    +   0,72  Tab.  II. 


Nutation  in  Declination     =  +   7,14 


a  -  5?  -  90*"  =  10*.  20**.  51'.        —  5^,23  Tab.  I. 
fl4.;2j-.90°=    \\  24^  3'.  +0,99  Tab.  II. 


-4,24 

Tan.  dec.    =  ,798 


—  3,38  Product. 
+  11,64 


Nutation  in  Right  Ascen.  =  +    8,26 


When  the  declination  is  south,  its  tangent  becomes  n^ative. 


^0  find  the  Variation  in  Right  Ascension  and  Declination  of  a  Star^  fir^m  the 

Precession  of  the   EquinoMS'. 

1046.  Let  nni  be  the  ecliptic,  tQ  the  equator,  rQ  its  next  position  at  the  fjq, 
end  of  any  given  time,  s  a  star,  sj^j  svw  two  circles  of  declination  to  the  two  230- 
positions  of  the  equator,  and  <y^  a  perpendicular  to  rQ.      As  we  here  consider 

the  effect  arising  only  from  the  regression  of  the  equinoctial  points,  the  inclina- 
tion of  the  equator  to  the  ecliptic  remaining  the  same,  we  have  (1031)  Qy^^si 
90^;   hence  (13),  rad.=  l  :  cos.  <rw::a<r(^^  <rrxsin.  t)  :  i^a?=  tt  x  sin.  <r 
X  cos.  f)p re,  the  variation  of  decUnation. 

1047.  Hence,   we  can  find  the  variation  of  right  ascension.     From  the  va- 
riation of  the  right  angled  spherical  triangle  Qsw^  whose  side  Qs  is  constant. 


fiSl. 


1*6  ON  THE  PaBCESBKIN  OF  TBE   EaUINOX£8|     • 

weiiave*  rfe  x  tan.  rii^v:t  x'm^.  ^^^rtt^V^ft^r^' ^r-^^^ ^' *^  (lb46) 

<rrxsin«nr  X  cos.  nr»  w  x  tarn  w*  .  •       •  t^        .^•i     yluur.irx.^ 
: ' =  rr  X  Sin.  T  x  sm.  nght  zaceti!&6nf>fmii'Siit. 

'    •->    ^       cot.  nnK^  ^  /.     j    .       .  °      .    :.  ,.,,.„   1,,^.  :.i.  ., 

This  jfl  one  part  of  the  variation  of  t^ht  aacensioQ.  Buta^  W4^  ihnr  rjed^on 
from  r  and  not  from  t  ^  it  is  manifest  that  there  is  another  part  ra  whicn  is  com- 
mon to  all  the  stars  ;  nowVa=  tt  xcos.  t;  hence,  the  x>ariatian  qfrH^Hsct!^ 
siofis:  rr  X  cos.  t  —  tt  x  sin.  <r  x  sin.  right  ascen.  x  tan.  dec.  =  prec.  in  long^ 

x  cos.  23°.  28'.  —  sin.  23^^8'xsin.  right  ascen.  x  tan.  dec.  In  the  last  six 
signs,  the  sin.  right  asi^eti.  becomes  negative ;  *  also,  if  the  declination  beconildk 
south,  the  tang,  of  declihaticm'  becomes '  negative  i  the  second  term  therefeDe 
is  sometime' additive,  and  sometimes  subtractive« 


i  I " 


On  the  preceding  theoty,  Mr.  Simpson  has  made  the  following  remarks^  in 
order  to  explain  certain  difficulties  and  objections  tliat  may  thence  arise* 

1048.  It  may  b^  Mraerved,  in  the^  first  place,  that  we  havd^  all  along»  coon** 
dered  the  efiects  of  the  sun  and  moon  separately ;  and,  consequently^  imam 
supposed  them  to  be'iio-wap  influenced  or  disturbed  by  each  other.  [This  may 
seem  too  bold  ah '  assumption  ;  especially,  as  it  ia  known  that  the  tidestj  winch 
are  produced  by  the  very  same  forces ^  depend  up6n,  and  are  greatly  varied  'by^ 
the  different  positions  of  the  two  luminaries. 
^^*  1049.  To  remove  this  objection,  let  <r  SMa  represent  the  plane  of  the  earth'g 
equator,  r  O  ^  its  intersection  with  the  plane  of  the  ecliptic,  ^S  the  right  a»> 
cension  of  the  sun^  <r  M  the  right  ascension  of  the  moon;  and  let  the  forces 
of  the  two  bodies  to  turn  the  earth  about  its  center,  in  those  positions,  be  re- 
presented by  f  and  F  respectively. 

1050.  These  forces  may  be  considered  as  acting  perpendicular  to  the  plane 
of  the  equator  in  the  points  S  and  3/,  and  will  be  equivalent  to,  and  have 
the  same  effect  with,  one  single  foroe^    equal  to  them  botht  acting  in  their 

c^ter  of  gravity  AC  But,by  ;Me9|japicsj,  the  fo\cf/  t^^'.^^i*^^"^  ^*  ^'  ^^?^ 
(if  the  radius'OP  be  drawn  through  N)  be  equivalent  to  andtSier 'force,  act- 
ing at  P,  expressed  by /4^x  ^,  or /+^  x  p~  (supposing  NQ,  PR,  a^ 
aSso  SB^MCy  to  be  perpendicular  *b•n^0iA}-  ^ 

*  If  5  and  s  represent  tlie  sines  of  the  two  legs  ^,  a  of  a  right  angled  triangle,  C  and  c  their  co^ 
sines,  jTand  i  their  tangents,  wA  the  hypothenuse  he  constant,  then  C  x  Y^=i  rad;  xcos.  hyp.  a  con^ 

sunt  quantity;  hence,  Cxc+cXCx:0;    but  czusxi,  and  CzzSy.A\  therefore,  CxiXa+cxSxiT 

— 0,  and"^Xa= — "TT X  A,  or  ty^azz — TxA\  the  signs  of  the  quantities  thus  deduced  we  have 
•mitted  above,  as  wc  only  wanted  the  values  of  the  quantities.  4 


AND  THE  JnJTWmV  OF  THI  BABTR's  AXIS.  197 

IQSl.  But  the  quantity  Qf^pi;epp9siQi^  4\VJ»g  s^  ffv^n  moment  of.  tim^,,  is 
known  (1018  to  1021)  to  be  as  the  iforce,  and  as  the  sine  of  the  right  ascension, 
coiQoiQtly ;  firom  whence  the  two  quantities,  arising  from  the  sun  andioaoit, 
considered  separately,  are  expounded  by^x^JB,  and  2^  xAfG^  respectively. 
But,  supposing  both  bodies  to  act  togiathef,  or,  which  ib  the  SMne,>«upp(»i% 

one  single  force,  expressed  hyf+Fx  —^^  to  act  at  P,  the  quantity  of  Oie 

precision  will  then  (by  the  very  same  rule)  be  truly  defined  hy jr+  F  x  -pjo  x 

PR^  or  its  cquaiy+Tx  NQ;  which  quantity,*  by  the  ,prq^rty  of  the  center  of 
gwrity^  is  known  to  be  equal  to^x  SB-^Fx  Md  Henice,  it  is  ipanifest  that» 
whether  the  forces  of  the  luminaries  be  joined  together,  or.  treated  apart,  the 
result  will  be  the  same. 

105S.  ^he  next  difficulty  relates  to  the  eiccentricity  of  the  luiuu;  orbit,  and 
the  ineqoatity  of  the  motion  in  diat  orbit;  which  may  be  thought  sufficient  to 
occasioa  a  aeriiible  deviation  from  rules  founded  on  a  supposition  th^t  pi^  no 
f^pffd to tbeni*  ■  ^>  •    .  .  -tv    m\.  of)*-., 

\  105A.  (In  Older  ta  clear  up  this  point  also,  imagine  AJDBRXa}^^  ^if>^^^^^.     fig. 
in  which  the  moom  is  sspposed  to  revolve^  about  the  center  of  t})e  e<^fthvpl9(ce4     232. 
in  the  lower  fi>cu5  i^  of  the  elUpse ;  let  iJiS  be  the  transverse  ai^s  of  the)  ellipse^ 
perpendicular  to  which,  through  jF',  draw  the  ordinate  IH;  moreover,  let  there- 
be  'dfttwn  any  two  other  lines  /)£,  de^  through  the  focus  Fy  to  make  ^  y^Ty 
small  (given)  angle  DFd  with  each  other. 

1054.  The  perturbating  force  of  the  moon^  at  the  distance  DF  will  (fr56) 
be  inversebf  as  the  cube  of  that' distance ;  and  tlie  tim^  of  describing  the  given 
angle  DFd  will  *  be  directly  as  the  square  of  the  sam^  distance*  Tlierefare»  by 
composition j  the  quantity  of  the  moon's  action,  durii^  the  time  of  describing 
this  angle,  will  be  in  the  simple  ratio  of  the.  said  distance*  ifwerwfy,,^^  Hepce, 
it  appears,  tiiat  tliid  sum  of  the  forces  employed,  during  the  times,  of  deaoribing 

the  opppsite  aisles  DFd^  FFe^  will  be  tnily  defined  by  ^75 -♦--^,i  ^  its  equal 

FE  +  FD 

FE  X  FD'  ■'  '    ■  ■ 

1055.  Upon  JB  let  fall  the  perpendiculars  DNmd  EM;  so  shall  FE-FH 
:  FI  (Fh]-FD::FM  :  FN  (by  the  property  of  the  ellipse)  ::  FE  :  FD  by 
similar  triangles ;  consequently  FExFD-  FH  xFD= FH  xFE-FDx  FE, 

or  2FE  X  FD  =  FH  x  FE  +  FD;  therefore,  as  it  appejirs  from  hence  that 
"^       ,  the  measure  of  the  said  forces,  is,  every  where,  equal  to  the  con- 

*  For  the  angle  DFd  being  given,  the  area  DFd  varies  as  DF  X  dF,  or  as  DF*;  therefore  (805) 
the  time  of  describing  the  angle  vaiies  as  DF*. 
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Slant  quantity  _    ,  it  is  evident  that  the  excentricity  of  the  orbit  and  the  post- 

tion  of  the  apoijec  have  no  effect  on  the  motion  of  the  earth's  axis^ 

1056.  An  objection  may,  pernaps,  wise,  wit4r  regard  to  the  addition  of  the 
forces  employed  by  the  moon  in  opposite  parts  of  its  orbit ;  which  step  may  be 
look^  upon  as  arbitrary  \  but  the  i^miin  upon  which  it  is  founded  will  be  dear^ 
by  considering  that  the  moon's  inclination  to  the  plane  of  the  equator,  in  op- 
posite points  of  its  orbit,  is  always  the  same;  and  that,  therefore,  the  very  same 
effect  in  the  alteration  of  the  position  of  the  equator  will  be  produced,  whetKrf 
the  whole  force  employed  during  tlie  description  of  the  corresponding  opposite 
angles,  be  equally,  or  uiiequally,  divided,  with  respect  to  the  said  angl^^^ 
since  the  said  force  acts  with  the  sd^e' advantage,  or  under  the  same  cireintkf 
stance  of  declination,  in  both  cases.  ' 

1057.  Another  difficulty,  that  may  arise,  is  ita  retatJon  to  our  having  madli 
the  effect  of  the  sun*s  force  £0  be  aboiit  one  third'^art  less  than  the  quantity  ye^ 
suiting  from  calculations  founded  on  hydrostati<ial  principles  atid  the  hypothes£ft 
of  an  uniform  density  of  all  the  parts  of  the  earth.  But,  that  ih^  phamomeMH 
cannot  be  truly  accounted  for,  upon  this  hypothesis,  appears  from  the  eoncuiv 
rence  of  all  experiments  in  general :  for,  whether  we'fe^ard  the  thensiiriatiim  \6t 
the  degrees  of  the  earth,  the  accurate  observations  of  Dr.  Bradley,  orthef'fWoP 
portions  and  times  of  the  tides,  the  case  is  the  same,  and  requires  a  much  1^ 
effect  from  the  action  of  the  sun  than  results  from,  or  can  consist  witlv,'  the  st^ 
hypothesis.  '    'Hi 

1058.  But  if  the  density  of  the  earth,  instead  of  being  uniform,  is  supposed 
to  increase  from  the  surface  to  the  center  (as  there  is  the  greatest  reason  te 
imagine  it  does),  then  the  phcenomefion  may  be  easily  made  to  quadrate  with 
tlie  principles  of  gravitation;  and  that  according  to  innumerable  suj^positionsj^ 
respecting  the  law  whereby  the  density  may  be  conceived  to  increase,. 
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CHAP,  XXXV. 


ON  THlii  DENSlTIEa  QUANTITIES  OF  MATTES*   MOHi;  AND,  HEAT,. QFTIJE;   ,, 
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4.rt.!  1059.  XO  measure  the  quantity  of  matter  in  distant  bodies,  ^ppi^ars  at 
first  sight,  to  be  ^  problem  of  insuperable  diflGicult^,  ,and  such  it  was  before  the 
discoy^ry  of  the  laws  of  gravitation  ^  but  those  "principles  lei  Sir  1.  Newton  to 
a  y^y  easy. solution  of  this  importaut  .prcpl^lem,  in  ill  those  planetk  which  have 
satellites  revolving  about  them;  and  in  the  other  planets,  they  also  fq'mish  a 
method  by  which  theii;  qii^antities  of  matter  mi^y  .be  assigned,  to  a  considerable 
degree  of  accuracy,  by  tii^  ejffqc^rwWchjSucjh  ^T^anet?  produce  upon  the  oi^hers* 
To  understand  the  principle  upon  which  this  determination  rests,  we  ^lay  ob- 
serve, that  the  effect  fi^;attractfpn,fNt  equal  distances  wlj  be  in  proporfipn  l^o 
tl^e  quantity  of.  matter,  in  ttt^.  at^a^cting  boiy;  and  at  different  oisti^ices,  as 
tjhe  quantity  of  matter  and  the  inverse  square  of  the  distance  conjoi^^tly.  The 
quantity  of  matter  is  also  in  proportion  to  the  magnitude  of  the  body  and  its 
density  conjointly.  If  therefore  we  know  the  effects  of  the  attraction  of  dif- 
ferent bodies,  together  with  tlieir  magnitudes,  we  can  find  their  densities,  and 
thence  their  quantities  of  matter. 

1060.  To  find  their  densities,  put 


)!.   •« 
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4= the  density  of  the  central  body. 

m  ?:  its.  diameten 

.'■■■■        '       I 

i/=its  quantity  of  Shatter. 
P=the  periodic  time  of  the  revolving  body. 
D  =  the  mean  distance  of  the  revolving  body  from  its  central  body. 
4= the  sine  of  the  angle  under  which  m  appears  at  the  distance  JD,  to 
radius  unity. 

Then  a  varies  as  dm^;  but  (818)  P*  varies  as  —  which  varies  as-—/  hence, 

^  a  aw? 

Ovaries  as=~^^.    But  s  =  —;  hence,  d  varies  as  ■  ^    y/  we  will  therefore 


assume  dzz  • 


1 


i'P* 


For  the  Sun.    If  ve  take  the  earth  as  the  revol\dng  body,  P  =s  365,25689 
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dat0,'  Bcoordiog  to  M.  dc  la  Caiixe^  «  =  0,0093155  =  an.  S 

1 
n^^  apparent  dfameter  of  the  sunj  hence,  d  =  — 


,0093155*  X  965,35638^ 

3:9,2732. 

For  tlic  Earth.  H^ re  we  i^ust  take  the  moon  for  the  revolying  body;  tihece- 
fore  P  =  27,32 167  daya,  according  to  Mayer,  ^=0,033155  =  sin,  1\  S^^  die 
mean  angle  under  which  the  eartli's  mean  diameter  appears  at  the 

1      .  . 

nonce,  ^-^^^^^g^i  ^  a7j32li>7         ' 

I  .  -•         f       i  .  J 

ior  Juj^ter.    Mr.  Pownd  otepry^d  J;^,  greatest  elongatioii  of  its  fourth 
liU^  to  biJ  8'.  16",  and,  the  correspQnd,i^  di^pieter  of  Jupiter  to  be  39"»j   heoc^ 
t)ie  sio/c  i  of  the  angle  und^r  whiph  the  dian^ter^of  Jupiter  appeared  at  tlut 
sateUite  at  that  time  was  0,078^29  >,  ,also,  P=^^6,6889S  days,  according  to  11. 

WAilb^Ktrs ;  Tience,  d  ^^S^^;^^^rh^^^*^  7,3857. 

For  Saturn.    According  to  Mr.  Foukd,  the  greatest  elongation  <^  its  fiNirth 

mtellite  in  9!^  B6\  and  the  corresponding  diameter  of  Saturn  =  18';  hence,  is 

0,10112}   alsOt   i^  =  15,9454  days,  according  to  Dr.  Haujby;    hence,  ^fs 

1 
--— ^ ~'z.^=^  =  3,8038. 

0,101 12>    X    15,9454 

For  the  (ieorgian^     If  we  take  the  second  satellite,  we  have,  according  to 

\h\  IIkiimciikl,  its  greatest  elongation :s 44'',23,  and  the  coiresponding  diame* 

ler  of  the  planet  =  3 ',90554;  hence,  «=0,0883  ;  also,  ^2=13,462  days;  hence, 

1  .  ,        ♦  .  . 

(I  zz —If  =  8,01 49. 


.'  ■  /  J . 


iOtil.  Thiwe  densities  of  the  8un,  Earth,  Jupiter,  Saturn  and  the  Georgian, 
an'.  iiH  0,2.5220,  I,  0,20093,  0,10349  and  0,41805.  The  other  planets  not 
having  any  Katcliitcs  revolving  about  them,  tiielr  densities  cannot  be  thus  de- 
lernuncd;  but  they  may  be  found,  by  <Aiserving  the  effects  which  those  planets 


♦  Itoiii  \\\t  liiiicH  ill  whicli  the  fii*«t  and  third  satellites  are  in  pa^rin^:  over  the  body  of  Jupiter^  Sir 
I.  Ni AVION  ('(ftii|vit('K  the  diamtter  of  that  planet  at  its  mean  di»tance  to  be  37'.^j,  which  he  uses. 
Ihit  \I.  dc  la  (fi(AM;i:  thinks  it  is}  saft  r  to  tnM  to  the  diameter  direetly  mea>iired  by  a  te1e;i4:of>e ;  he 
iicroidnnrly  siippoHeM  tlie  diainettT  to  he  31^".  Sir  I.  Newton  retluces  the  ob>erveii  diameter  18"  of 
Saturn  t(»  16'',  on  acetMint  of  the  irradiation  of  light  (10G3).  From  all  the  ol)^e^\'ations,  we  have 
jiidKctl  iK"  to  Ik:  the  mobt  correct  value. 

2 
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produce  upon  the  other  planets  in  disturbing; their  motion.  Euler^  howevQf» 
in  his  Recherckes  sur  les  Perturbations  des  Planetes^  obser\dngthat  the  densities 
<j£:Ssie  Earthy  Jupiter j  and  Saturn^  were  very  nearly  as  the  square  rob'ts" of  tlKt^ir 

3 

mean  motions,  or  inversely,  as  <jF,  d  being  their  mean  distance  from  t4l^'feUn, 
supposed  that  the  same  law  might  hold  for  all  the  planets,  from  whence  he  esli- 
Hi^ted  the  densities  of  Mercury^   Venus  zi\A  MarV.     But  the  dehsity  of 'the 
Georgian^  thus  determined,  does  by  no  means  agree'  with  that  found  from  Dr. 
HkiiiscHEt's  bbsfelrations.      M.  de  la  Grange,  in  his  Tkiorie  des  Var.  Sec.  des 
PkmetSj  in  the  Hist  de  VAcad.  Roy.  des  Scien.  1782,  assumes  the  densities  to 
be  inversely  as  their  distances  from  the  sun,  as  belhg  the  most  simple  law,  and 
which,  by  his  calculations,  answers  very  nearly  for  the  Earthy  Jupiter  and  Sa^- 
iHsHri.    '  He  computed  the  disturbing  fotcies  6f  all  the  planets  upon  that  supposi- 
tion, and  from  the  agre'emeiit  of  l!he'i^8u(It6"#ftii  observation  he  sees  no  reason 
Ibr  changing  his  lily^potiieSis.     This  j^es  ihe  fleneS^ies  of  Mercury,  Vettus,  the 
Earth,  Mars,  Jupiter,  Satufri  and  the  Ofeor^i^ri  as  2,5833,  1,S8S5,   1,  0,*5fed, 
0,20155,  0,11215,  and  0,052077.    As  however  tlie  density  of  the  Georgjian,  de- 
duced from  its  second  satellite,  by  nt)  means  agreei^  with  the  above  law,  we  may 
conclude  that  that  law  for  the  densities  is  not  generally  true ;  as  it  cannot  be 
supposed  that  Dr.  Herschbl 'dhoUld  have  erred  so  much  in  his  observations. 
M.  de  la  Lande  makes  the  density  of  Venus  I,0379,   a«  best  ans^erin^  to  the 
motion  of  the  sun's  ■  apogee,  of  the  aphelion  of  the  orbit  of  Mercury,  atid  of 
the  nodes  of  Mercury.     From  a  diminution  of  the  inclination  of  the  equator 
to  the  ecliptic  of  50"  in  100  years.  Dr.  Maskelyne  has  determined  the  density 
of  Venus  to  be  1 ,024,  that  of  the  earth  being  unity.     Dr.  Herschel  makes  the 
time*af,dfie  rotation  of  Marsto  be  24,656  hours,'  and  the  ratio- tif  ^e  diameters 
as  16  :  15.    'Hence  (983)^  the  density  of  Mars  is  about  O,0T,  that  of  tke  edith 
being  unity.     But  from  soilie  obserwrtions  of  Dr.  MAgKSx^KEWpKtoi  tt\{8  planet, 
he  has  reason  to  think  that  the  ratio  of  its  diameters  is  much  nearer  to  a  ratio 
of  equality  than  that  given  above,  which  renders '  the  deuMty,  tbas(  deduced, 
subject  to  great  uncertainty.      We  will  therefore  assume  the  densities  of  the 
Sun^.Mercorya  VeQws,'  the  Earth,  Mms,  Jupiter,  Saturn  and  the  Georgian,  as 

.  Q,25flai5j,  2,58»8,  1^?4,  .li^,j$;g63^/O,2OC08> .0^10349  wd  0i,^l«05-t?.o    -.       *: 

jf  J,062.. rjBy.Artf  Wft*ti*he  density  >ofi  the  HK^  2  density itif. -the  sun  as  2^44 
>:t  1}  a^  the  density  Djf  the  sun  bein^  to  that  <xf  the  earth  as  0,252  !  i ;  it  fol- 
lows that  the  density  of  thfe  moon  :  density  of  the  earth ::  0,6149  :  1.  Hence, 
in  proportion  to  the  above  densities  of  the  planets,  the  moon's  density  would 
J)e  0,6149. 
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:'.»^:.  r^/-  IIii.v: Hii.  f;-i-»i  li.e  dii^erer  of  the  Georgian^  at  its.mean  dis« 
li---.  Vj  .>r  1\'j'Zti  '::  :^-=::e»orc  ::  were  feen  at  the  mean  distance  of  the 
r-in'-  :?.r.   v.c    -u.-,  ;:  w.M,I-i  b-e  74*jJ2.     Mr.  Pouxd  found  the  diameter  of 
.T^  •-»->;,  i-  :->  riinin  L'-cance  foni  the  eaitl),  to  be  18";  and  thercfi)re  if  it  were 
v.i.-.  ^:  -Lir  r:r-n  d.iZAnce  of  the  earth  from  the  sun,  the  diameter  would  be 
:  'I  ',71.     He  al-o  found  the  diameter  of  Jupiter ^  at  its  mean  distance,  to  be 
ryj  ;    i.cr*ce,  at  the  mean  distance  of  the  earth  from  the  sun,  it  would  be 
2'ij' S2.     M.  PiCASD  and  Fl.im5Tead  found  the  diameter  ot  Mars  to  be  30^ 
when  it9  di-:tance  from  the  earth  was  0,3815,  the  mean  distance  of  the  earth 
from  the  sun  being  unity  ;  hence,  if  Mars  were  seen  at  the  earth's  mean  dis- 
tance from  the  sun,  its  diameter  woulcl  Be  11^4.     Dr.  Herschel  makes   it 
8',04,  which  is  probably  the  most  accurate.    The  apparent  diameter  of  the 
Earik  seen  trom  the  sun  is  twice  the  sun's  horizontal  parallax,  or  17",5  (629). 
\'\  the  trafi^ic  of  Venus  over  the  sun  in   1761,  M.  de  la  Lande,  from  his  own 
ob.H?r\M:ions,  and  fliose  of  Mr.  Short,  found  its  diameter  to  be  57*58  ;  hence, 
llie  diameter  of  Venus,  seen  at  the  mean  distance  of  the  earth  from  the  sun,' 
would  be   16^,7.     The  diameter  of  Mercury ^  measured  by  Dr.  Bradley  in 
1 723,  in  its  transit  over  the  sun's  disc,  with  a  micrometer  to  Hutgens'i^  tele- 
scope of  120  feet  long,  was  found  to  be  10",  75;  hence,  its  diameter,  at  the 
mean  distance  of  the  earth,  will  be  7'',27.     M.  de  la  Laxde,  fiom  the  transit 
iii  1753,  found  it  to  be  Qt\&  ;  we  will  tlierefore  take  it  7'.     The  diameter  of 
the  sun  in  its  apogee  seen  lirom  the  earth  is  31'.  29'',2,  according  to  Dr.  Mas- 
kixvxe;  according  to  Mr^  Short,  sT.  28";  according  to  M  de  la  Lande, 
:U.  30 ',5;  Dr.  AUskelyne's  is  a  mean  between  th^  other  two ;  we  will  tliere- 
fore state  it  at  31'.  39";  and  as  the  difference  of  the  diameters  in  its  apogee 
.nndpcrigceis  i:5\/ifweaddit?half;32%5,  ta3lV.29'' we  have  32'.    1^,5  for 
its  moau  diameter.     Sir  I.  J^bwton  ejupposes  that  there  is  a  8cnsible  aberration 
in  all  telescopes,  which  makes   the  image  of  the  object  in  the  tbcus  of  a  tele- 
scope greater  than  it  ought  to  be.     He  obse^n^es,  that  this  aberration  has  a  less 
ratio  to  tlie  diameter  of  Jupiter  in  long  than  in  short  telescopes;  the  latter 
thoiolare  will  give  the  greater  diameter.     What  reduction  must  be  made  fiom 
tho  measured  diameter  by  any  telescope  in  order  to  get  the  real  diameter,  it  i^ 
not  easv  to  say.     M.  de  la  Lande  thinks  you  may  allow  5"  for  a  small  telescope 
not  vorV  perfect.     Iliis  will  make  the  diameter  nearly  the  same  as  that  used 
bv  M.  Cassini  in  his  Tables,  who  probably  had  not  a  very  good  telescope  for 
that  purpose.     On  the  contrary,  when  a  planet  a})pears  on  the  sun,  its  di- 
ameter, measured  by  a  telescope,  appears  less  than  it  is,  owng  to  the  irra- 
diationof  the  sun.     The  diameter  of  the  moon  in  1748,  measured  upon  the 
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disc  of  the  sun,  appeared  6"  less  than  when  measured  off  the  sun.  Hence, 
the  •  diameters  of  the  Sun,  Mercury,  Veniis,  the  Earth,  Mars,  Jqpiter,  Saturn 
and  the  Georgian  are  as  109,8,  0,4,  0,9543,  I,  0,5*109,  11,^93,  9,812  and 
4,258. 

1064.  We  have  found  the  densities  (1060),  and  (1063)  apparent  diameters 
of  all  the  planets  seen  at  the  mean  distance  of  the  earth  from  the  suri,  which 
must  represent  the  ratio  of  their  real  diameters  j  and  as  the  quantities  of  matter 
in  spherical  bodies  are  as  the  cubes  of  their  diameters  and  densities  corij(Mntly\, 
we  find  the  ratio  of  the  quantities  of  matter  i;i  the  Sun^  Mercury,,  Veniis, '.the 
Earth,  Mare,  Jupiter,  Saturn  and  the  Georgian  as  333928,0,16536,0,88993,  1,^ 
0,08752,  312,101,  97,762  and  163^837. 

1065.  The  diameter  of  the  earth  is  to  that  of  the  moon  as  11  :  3,  or  as  1  : 
0,2727;  therefore  the  magnitude  of  the  eaxth  :  tliatof  the  moon::  1  :  ,02028, 
or  very  nearly  as  49  :  1  ;  and  their  densities  (,1062)  are  as  1  :  0,6149  ;  there- 
fore the  quantity  of  mattjcr  in, the  earth  :  that  of  the  moon::  1  :  ,01245.  If 
we  assume,  with  some  Authors,  the  density  of  tlie  moon  to  that  of  the  sun  a? 
2,5  :  l,the  quantity  of  iiiattexin  the  earth  :  that  in  the  moon::  78  :  1,  or  1  : 
,0128.  Also,  the  gravity  of  a  body  upon  the  earth  is  to  that  on  the  moon  as  1  :: 
0  1677.  '    \    ■'  •''"""^''•"■■''* 


' . 


.  ! 


.  I  i 


To  find  the  relative  Weights  of  Bodies  upon  the  Surfaces  of  the  Plane  Bs^ 

1066.  The  weight  of  a  given  body  on  a  planet  must  b6  iri  propottioii  to  the 
force  with  which  the  planet  attracts  it,  the  weight  being  the  effect  iiri'sing  from 

ft  r  .  I 

that  cause.  Now  whien  the  force  varies  inversely  as  th6  square  *of  the  distance, 
if  a  body  be  at  the  surface  of  the  sphere,  the  attrlaction  (834)  ^aWes  as  the 
diameter  and  density  conjointly ; '  consequently  the  \<reightS '6^'  eqjuAl  bbdiies  on 
the  surfaces  oJ^  different  planets,  vary  as  the  radii  dnd  densities  'ionjolhtiy;  oras 
the  diameters  anA' ddrisiti^s.  Hence,  the^  wk'^ghlls^bf  e'qtiai  bocli^i^  birthe  siir- 
fecfes  of  the  Sun,  Mertiiry,  Venus,  th^'  EartH,''!5(rars^  JiS>iter;  S^iWrfti  arid  tK^ 
Georgian  are  as  27^7,  1,0333,  0,9i7l,^,'^,S^d5,  ^^2si,'i!,ai^4k^^^ 
these  numbers  therefore  represent  tJie  forces  of  gi^^itjr  AipbA'tne  ^fei^^ 
these  respective  bodies. 


'  •  \ 


,(»  '  ,  . 


1 1 


...»   , 


»    .s'» 


III)  .'.   •»    •  o 


f  >     ■    ■  I,  li^ 


'      < 


.  .1 


■      Ul'/.i  A  'i 


J     > 


I  I 


if . 


)'.' 


1  '■ 


>  '■  *  if     J  >*■■.■' 


1«* 


OK  THB  UGHT  AND  H£AT  OF  TBE  FLAKET8. 


1*10. 
233. 


1067.  The  following  Table  exhilnts  the  rehtion  of  the  densities,  diameters, 
quantities  of  matter,  and  granty  on  the  surfiu^e  of  tlie  respective  bodies. 


Planets. 

Densities. 

Diametera. 

QuantitiesofMatteir  Grav.  on  Suif. 

Sun 

0,25226 

109,8 

333928 

27,7               ' 

Mercury 

2,5833 

0,4 

0,16536 

l,033d 

Venus 

1^4 

0^543 

0,88993 

0,9771 

Eartli 

1 

1 

1 

1 

Mars 

0,6563 

0,5109 

0,08752 

0,3355 

Jupiter 

0,20093 

11,59 

312,101 

2,3287 

Saturn 

0,10349 

9,812 

97,762 

1,0154 

Georgian 

0,21805 

4,258 

16,837 

0,9285 

Moon 

0,6149 

0,2727 

0,01245 

0,1677 

1068.  The  intensities  of  light  and  heat  which  the  planets  receive  from  the 
sun,  vary  inversely  as  the  squares  of  their  distances  from  the  sun.  For  let  L 
be  a  point  from  which  light  or  heat  diverges,  abc  a  triangle  upon  which  they 
fall ;  produce  JLflf,  iA,  Ix:  to  A^  ^,  C,  and  let  ABj  BC\  AC  be  respectively 
parallel  to  aby  bcy  ac  ;  then  tlie  triangle  abc  is  similar  to  ABC ;  and  the  same 
quantity  of  light  or  heat  (supposed  to  proceed  in  straight  lines)  whicli  fall  on 
abCy  would,  if  that  plane  were  removed,  fell  on  ABC^  and  there  occupying  a 
greater  space,  the  intensity  must  be  so  much  less  in  proportion  as  the  space  is 
greater  J  hence,  the  intensity  on  abc  :  the  intensity  on  ABC::  ABC  :  abc:: 
AB*  :  ab*::  LB'  :  Lb\  To  apply  this  to  the  sun  and  planets,  we  have  (217) 
the  distances  of  Mercury,  Venus,  the  Earth,  Mars,  Jupiter,  Saturn,  and  the 
Georgian  from  the  sun  as  4,  7,  10,  15,  52,  95  and  190,  the  inverse  squares  of 


which  are  as 


10*     10*         10* 


10* 


10*  10* 

95*  ^^^  190^'^^  ^  ^'^^'  ^'^'  1 ,0,44375, 


15''    52 

0,036875,  0,01106  and  0,00276  the  relative  intensities  of  light  and  heat  which 
the  respective  planets  receive  from  the  sun. 

1069.  The  apparent  diameter  of  a  body  is  inversely  as  its  distance.  Assum- 
ing  therefore  the  mean  diameter  of  the  sun  =  32',  we  have  the  apparent  di- 
ameter of  the  Sun  at  Mercury  =  ?r  x  32'  =  80' ;  at  Venus  =  V  x  32'  =  45^,7  ;  at 
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Mars=lJxS2'±:2l',S8;  at  Jupiter=i^  x  S2'=:6',15;  at  Saturn = 4?  x  SS*  =  3'. 
37,  and  at  the  Georgian  z:-^  x  32'= l',64.  Hence,  the  apparent  diameter  of 
the  sun  at  the  Georgian  is  only  about  2^  times  greater  than  the  apparent  di- 
ameter of  Jupiter  seen  from  the  earth  at  its  mean  distance. 

The  foUowing  Table  exhibits  the  relative  intensities  of  light  and  heat  at  tiie 
difierent  planets,  and  the  apparent  diameter  of  the  sun  seen  from  them. 
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Planete. 

Intensities  oi 
Light  and  Heat. 

Apparent 

Diameter  of 

the  Sun. 

Mercury 

6,25 

sof 

Venus 

2,04 

45,7 

Earth 

1 

32 

Mara 

0,44375 

21,33 

Jupiter 

0,036875 

6,15 

Saturn 

0,01106 

3,37 

Georgian 

-  ■              — 

0,00276 

1,64 
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ON  THE  MOTipijr,  OF  TJH^  PLA^^  9^,  ,T,HE  ppiTS  9,F,,TH5.  PMl^^,''^?*'. 

...:.,TH^^MUTVA^  ATTRACTIONS.^   .,   „,    ,;^.,,,,     „. 

Art.  1070.  Jl>Y  comparing  the  modern  with  the  ancient  observations,  it  ap« 
pears  that  the  latitudes  (iF%^^  fb^^  ^ita^i^  vary,  and  that  the  MfedH'  inditoatian 
of  the  ecliptic  to  the  equator  gradually  diminishes  j  the  former  can  arise,  only 
from  an  alteration  in  the  position  of  the  ecliptic.  M.  Godin,  in  a  Treatise  ou 
the  obliquity  of  the  ecliptic,  judged  that  its  diminution  was  owing  tp  a  change 
in  the  ecliptic.  He  compared  the  position  of  the  nodes  of /wp/7er*i  orbit,  ob- 
served 241  years  before  Christ,  with  that  observed  by  M.  de  la  Hire;  and 
supposing  the  plane  of  Jupiter's  orbit  not  to  be  chang;ed,  he  concluded  the 
ecliptic  must.  His  conjecture,  partly  true,  led  him  to  assign  the  true  cause  of 
the  diminution.  Kepler  and  Tycho  observed  that  the  latitude  of  the  stars 
was  subject  to  a  change  ;  the  former  concluded  that  it  was  owing  to  a  change 
i^n.th^  piQ^ti^n  qf  the  ecliptic^  and  tliat  it  aro^e  from  some  physical  cause  $ 
he  suspected  that  it  might  arise  from  the  rotation  of  the  sun.  But  after  Sir  L 
KewtoiI 'fedd  ^tablished  the  doctrine  of  universal  gravitation,  it  was  evidettt 
that  the  planets  must  disturb  each  other's  naotions;  the  cpnsequei]^  of  jv\(hiQ|^ 
must  6e,' tnat  as  their  orbits  are  inclined  to  the  ecliptic,  they  must  tend  to 
idivtfirb'the  motion  of  the  earth  in  the  plane  of  its  orbit,  and  thefefore  s(i&. 
ject  the  ecliptic  to  a  change  in.  its  position.  Euler  first  opmp^te4 .  tlic^ 
enects  on  the  earth,  and  found  that  they  would  solve  the  above  phano- 
mena^  and  also  j^ve  the  variation  of  the  inclination  vof  their -orbits,  and  te- 
trograde  motion  of  their  nodes.  The  method  here  given  of  investigating  these 
matters,  is  similar  to  that  by  which  we  determined  the  motion  of  the  moon's 
nodes.  ! 

FIG.  1071.  Let  NQn'be^the'  6ri>it  of  *the  body  Q  inclhiea'  to  NAh'ihe  plarie  it 
234.  the  orWt  of  the  body  P,  NSn  tlie  line  of  the  nodes  ;  draw  jP^^p  an^^.^a  ^ppfr 
pendicular^Q;the  plane  NQn,  and  AKj  aK  perpendicular  to  N71 ;  then  AKa  is 
the  inclina^^^ipf;  tlie  orbit  of  Q  to  that  of  F;  produce  jS!a  to  v^nifd  draw  Pi; 
parallel  to  .4a,  and  consequently  perpendicular  to  the  plane  A^Q;^ ; -|oin  P^ 
t^Q,  whfdi'  lattSi*  Will  'lid  in  the  plane  A'Qn,  because  v  is  in  that  plane  ;  and 
draw  Qu  perpendici^^,  ,to  JFJjS'^^^nd  QL  to  Nn.  Put  SPzza^  ^^bj  Su=^a\ 
and  5  =  sin.  AKa  ;  also,  let  1  :  m:\  quantity  of  matter  in  P  :  that  in  the  sun  S. 
Now  if  SA  represent  the  force  of  S  towards  i',  then  Aa  is  that  part  of  the  force 
which  acts  perpendicularly  to  the  plane  NQn;  and  Aazzsx  AK;  but  the  force 
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a€  S  to  P  varies  as  ~,  and  not  as  SA;  hence,  SA  :  —::sx  AK  :  that  part  of 

the  force  of  P  upon  S  whicly^a^^ei^diQukflyjto  the  plane  of  the  orbit  of 

Q  =  —  X  — -  =  -5  X  sin.  JViy-4  to  radius  unity.    Now  any  lines  wip,  zx  parallel 
u*     SA     ft 

the  forces  o£  S  to  P  and  Q  to'P,'  tnen  fnp^  zx  Will  I'epresent  that  part  of  each 
force  which  acts  nerpendicularly  to  the  plane  NQn.    Let  ther^ore  Sm  repre- 

?^^.  p  ;*«ft; W  :wmf^PP^?s?n* ,^ >< ^hM4Ai ^m^^h ^\^. ««  represent  ^,,. 

hrttcei-'ihdbjraniaar  triangles/'"'"*-  '■■'"■''''-  '''^"''''■''  ' 


•         '  ■      .  I  »  ! 


I       I  1 


^^jl*ij>^^.^^l^::nip  :  Sm:: -^x sin.  NSA  :  l^::sxm.,NSJ :l 

^^yPQiSJ^ri: p^xmnJ^SAtzxcz--p^xmk.NSAzz  i^m  i^   >ul uftdBMOuiVigJ^ 

Mrhich  is  thait'^part  of  the  force  of  P  on  Q  which  acts  perp^tidltoMH^  td^tfii 
p)weJV5Q9;  ^jHanp?,^  ^  x  sio.  JVS^-4  x  j.i  ,?  i,u-  t^^  t^^  idiffefenq^il^f 
thd ^forces liVMIcti  S  and  Q  are  drawn  from  the  orbU  A^Qn^  or  t^e  wiiole  force 
with  wh^  Qas  draw^,fi:Qm,  thp  plaqe  of  its  wbit  ^bout  S.^    NpwS  is?thfctf<Mtte 

*4Mir)'>  'i'l? 


6' 

==^L^<-_'Jj'fiiy  V6ibc'fty  geTie^'ted  li3^:iiie''foi-'cfe' araWiri^  "tlie  bddjr'^ 
^rom  tljp  pI^i^  o^  itfi  ,or|)it,  i  the  velocity  in  .the  wWt  bfflng,Q«»,vheng»,  this  lat-      .) ^  i 

1072:  Diawrarf  pJ^enBicular  to  the  plane  NQn^  and  tkk^oW^tttl  Qte  ik 

^ii~ ~  ^•a*-.^'^*d.'2gj\^*~a"'^<  i^.W»d4r»|vrt^v?  q^j^lNJO^*;  and 

rm  will  be  the  cotem'pdfary  moiidh  df  th^'fao^e^.  "  MW=^V  ^'^^ai^ular  to 
nQ;  then.Qw.|j«jjf,::^aii^^Q^,OT^^n,;^hi,p^ 


^^  ^i(  W  MttHOW  bP'tVC  J^LAMBS  «F  THB  OUIT8  OF 

mi\QL        1       1  .  «^      «rt  X  GL    i  X  Qw  X  QL  X  sin.  JSTaS^ 


\  » 


Xtns.  Draw  IW perpendicular  to  PAS;  then  QL  is  the  sin.  <tSjN^  s:  sin. 
<ii!fD"±y52>=sin.  QSDxk63rNSD±mi.  NSDx  cos.  Q^Ddsin.  QiJD  x  sin. 
.VS.^±cv«.  I^SA  X  ix^.^SD.  Now  In'a  whole  Tevokition  of  Q;  the  Ikst term 
will  be  dtffttfojed  b/ the -opposttion  of  signs  in  the  opposite  qoadrantiy' and 
thmfore  to  get  the  mem  motin^  of  iiie  nodes  in  a  revoluttoDi*  ^wefpiaf  neglect 
thut  tcnu}  hence,  if  we  substitute  sin*  QSD  x  sin.  JViyj  for  QL,  put  &=  1,  and 

,     bxQtvxxx ain.  A^A'-4*  ST  i     ^ 

^  K.r  *iii.  QSD,  we  have  nn  =  -. x  ^===^-  ^.   But 

to  ilotorniino  the  value  of  this  quantity  for  a  whole  revolution  of^  :Q^  twns  mu^jt 

oxmml  • --       ^*~S3  ^pd  mijltiply  it  by  or,  and  then  take  those  tienns  only 


which  contain  the  even  powers  of  «f,  for  in  opposite  quadrants  it  hMfifigatii 
(bn^nt  8ign»  the  odd  powers  will  destroy  each  other  in  a  revolution.^  Now  by 

Sir  I.  Nkwton's  Binomial  Theorem,  F  +  P0\^  =P"^  +^AQ  +  ^^SQ  +  ^^=^ 

(V^  f  I'V-c.  where  Ay  2J,  C,  c^tr.  represent  the  preceding  term;  andt to  mahcjthei 
rximuHion  oi'  the  above  quantity  converge,  the  powers  of  a  must  stand  in  the 

donominAtors ;  hence,  P=:a^,  Q=-5 ,  rzi^Sy  «  =  2;  and  l)J^  expandifftfe 

U»»>  «lb«ve  qimntity  and  multiplying  each  term  by  x,  taking  only  the  even  prow- 
n«*  of  .r.  we  have  mi'^^^^"-  f '^' jc  C3>-iff:-i.-^^!'4:ag£gr!gl^V  ^ 

H.I*-  16;;^  +  "l65^^-^I6rfr-*-'-T6^J  •    B"t  by%  p^^jicf^pjea  pf  plane 
'IViirtmomctry  (s^.my  Trjg*  J^rop.  24.),  ^*=ij^-..i^cqs.  2(2^,  ^^,= | - ^  cos^  , 
WQA/J+  I  cos.  4QA'Z),  ^«=A-.5-5  cos.  2QSD  +  ^s  cos.  4Q5i)-7V  cos.  60.92), 
J*  ;:^  i?«.^  7*  co^.  iQUP.^J^i^myAQ^n^^  cos.  «GA'^  +^VP<?p.  S^SH,  and  in  ' 
ft  whole  revolution  of  (?,  the  cosines  of  2Q5£>,  4Q5A  6Q.S'/),  8Q.SA  ^S^^.^^.*  ^' 
will  destroy  each  other  by  the  oppc^tion  of  signs  ill  the  bppd^ie  ^uadrant^,  and 
thoroforc  to  get  the  mean  motion  of  Q  in  one  revolution,  we  may  neglect  those 
quuntitieSf  ajjjj^siji^bstitute  only  i,  I,  A,  i\%j  ibr  ^\  a**,  a:^^  x^;  hence,  by  col- 

1i>r^H' ng  t1w>  tormii,  uml  aiAfttitiifiing  .^firV^frir Qtr^ wi  tinw  7>tt^  -  ^  X  360^  X  Sin.  NSA'' 

2m  xa^ 

X  *  +  ;r"i  +  ;rr-s  +  .^A  k  ^^i  *^^  mean  motion  of  the  nodes  in  one  revolution 

of  Q,  die  place  of  P  being  given.    Now  according  to  the  increase  of  the  terms 


T 


I3   ^i.  '^9  i^9^  "^^J^  assumd  Ae  next  term  |j   hence/ ^e  get  nn'=s 

S  X  360''  X  sin,   NSA*      7      15  .    115        3675 


«     1  ^  ^  "^:r-»+7r7-i  +  ,^^.  k-^tt^*     If  any  farther  terms 

2wa^  8a*     64a^     1024a^     2a*  -^ 

should  be  required,  the  law  to  which  they  are  observed  to  approach^/wlll  en- 
able the/oofinpttter  .tD  8Upp^  ^tn  to  n  ^rjrcoi^d^f^jlA  dfegreei^  accuracy. 
This  is  pfices^^j  w^ep  the  difference  of  th^  diist^ces(  4^«  SQ,  is  .small  in  re- 
spect to  thoa?  distances.  Afi  the  3in*  NS4  T^k'-'i  co»*3l!fSAy  if  we  substitute 
this  quantity  &Mr  sin.  NSA*^  we  may,>foi;  tbe'8anqfe<  reason  as  'above»  neglect 
i  cos;  QNS A  far.  one  revolution  of  P;.  coi^ftoqueadily^  the  mean  motion  mi' of  the 

t     •  .11  u     3xS6(f         ■•    15^  17AV.,0  3«^.]i^K»ti:    .pv..  ,     ., 

nodes  will  be   r- x  ^  +  :r-;  +  ^rr-a  +  TTr^rrrx  +  ^r-a*     ^his  is  the  mean  mo- 

4ma^  8a*     64a*    vl024*^     2a* 

tion  of  tire  node^of  an  inferior  planet  upon  the  orbit  of  a  superior,  from  the  ac- 
tion of  that  superior* 

1074.  To  get  the  motion  of  the  node  of  a  superior  planet  fromitjie  action  of 
an' inferior,  a  becomes  less  than  J,  or  less  than' unity,  tnefefpre^the  powers  of  a 
must  go  in  the  numerators ;  hence,  P=;  l,  Q^s^*— aoa^j^ajad,  by  a  similar  prcv- 

^4.^'    8x3eo^xa*     ,  ^  15a'  ^  175a*  ^  3675a^     Baf^     tu;/ la  ^u^ 
cess,  we  get  nn= xl+-— --♦— 7- — h  ^^^^    -^-rr*    ^^^^  ^^  the 

'         ^  4m  .  8  64  1024         2 

i9ieait  motioh' bf  the  node  of  a  superior  planet  upon  the  orbit  of  an  inferior,  from 

the  action  of  that  inferior. 

.       ■  ■  •  •  »  •  .  •  ■' 

Ex#  !•  'J'o  fipd  how  much  the  nodes  of  the  orbit  of  Jupiter  go  back  upon  the 
orbit  of  Saturn,  from  the  disturbing  force  of  Saturn.   Here  we  have  -  = ^ — , 

/'     >    .  «=*  '   «l  .   333928? 

ir=:?*V  hence,  in  one  revohition  of  Jupitei',/nw's:llsVr  at.tb^  rfte^of  about^ 
9",9  iriiB  year.  ^  Euleb  makes  it  10\ 

£x.'i.  *^o  nhft  I16W  much  the  nodes  of  the  orbit  of  Saturn,^  back  upon  "the 
orbit  of  Jupitir,<*  Ififefefr  the  disturbing  force  iaf  ^upiteA     He?e  we  have  —  = 

^1?^,  AW^It^  hfence,  in  toe  revolutioiJ  6rfia«toi,  7tn^e^9\  or  at  the  rate 
883^2^;.  ^(\V.^)p.  .ay.t>()  A\/\U     ;\,-  .jrii.ivt  o,lt  ,v) 

of-al^PH*  ^?rrAPi^yff?5t{,[:?^yW^ft.^akes  it  about  ^8"^ 

nk'Miori^^i^  qfihe  Hd^tic  upon  ^e<)m^(f(M''^'P^e^:;  Ji^om 

Ex.  ilo'£d  find  how^bs«cbi4liift4Mdi6is>^  aKS^%(^|Ai«o^^j^^^^t^^^ 
of  ^rtw:v(£re«g1iifl^  GeorjRam-  *Hef6.wd/|bar.eX 


OKBm  07 


.^:?.    -  .  /,ii^  -■;  -  if:  • .  —zci:::z  ie  secular  motion 


:  r:^  'ck  upon  the  orbit  of 

1     97.762 


1^ 


171     S:>d928' 
motion  is  34*' • 


=  -  -^  r-jT- J  j;-:  ':^:i  upon  the  orbit  of 

r--    :    ?^."       H-i   ^?  K:i,.v>J  _  3]  2,101 
^  '       "      ^  \.        $33028  ' 

-=■!.-:.-  a*t>-i..L,r:    .lii  ScvT'ilir  niotion  is  693'. 


-•^  -I     .-:  -^  !i:.:c  r:  bo^i  ".pen  the  orbit  of 
:    i.^-     -—    ^.:.   ■^=^-:_Ji:,    fl=i,5j 

^-     ...-    .     .  -       :.  r:  .Mji  ui\)n  the  orbit  of 

i:i      5SS928       "7. 

^.  .    r::     ij   fjj^iT  morion  is  55^\ 


.:.  ::!  ■  .j  :::  irjck*  bv  the  action  of 
.-,   li   -■-   -=  tf  =  ,38; 


-V.'. 


T  ?f"  r*  ^"i!:  be  s::bicct  to  a  like 
:  '  -:  ihc  ecliptic  :  x\\\  by  (he 
;  ':.'..  '••  or  the  tv.*o  orbits  will 
.  Vf  :':vj<r:ir*!::i^n,  a5  \i  would 

-  -s,  c7i  cae  ecliptic,  ami 

."•^    \^74")  tiio  attiaction 

■  ^•.   .  :."\  upon  the  orbit  of 

' .  .•,^-.>  . .  :i:c  orbit  of  A  go 


•THE   PL'A;NETS,  from   their  irUTUAL  ATTBiACTlOKa^^  ]^1 

back  upon  the  orbit  of  J5;  but  (1075)  the  mean  inclination  of  the  two  orbits 
will  remain  the  same.  Hence,  if  NA^  NBhe  the  orbits  of  two  pl^ets.^  and 
i?,  moving  towards  N^  the  attraction  of  B  upon  A  will  bring  the  orbit  ^/Yiptp 
the  position  Av^  and  the  attraction  of  A  upon  B  will  bring  the  orbit  BN  into 
the  position  Bw;  so  that  from  their  mutual  attraettfoils^t  the  node  will  be  bro^ight 
ton,  and  the  angle  at  n  will  be  equal  to  the  angje  at  N.  ,^But  ii;  respect  to  the 
ecliptic,  the  nodes  of  the  orbit  of  A  in  fig.  235.  go  backwards,  and  the  nodes 
of  tlie  orbit  of  B  go  forwards  ;  but  the  eontjWiry  in  fig^  ^36.  Now  it  is  mani. 
fest  from  the  figures,  that,  as  the  points  A  and  JB,  about  tvhich  each  orbit  re- 
volves, are  90°  from  the  node  Nj  the  node  of  the  orbit  of  A  will  be  direct  or 
retrograde  upow  the  ecliptic,  accordiilg  as^^iVis  less- or  greater  than  90°  ;  and 
the  node  of  the  orbit  of  B  will  be  direct  or  retrograde  as  j;N  is  greater 
or  less  than  90°.  Now,  whether  zN^  jcN  be  greater  or  less  than  90°,  may 
be  know^n  from  the  triangle  Nxz  •,  where  we  know  the  angles  a:*  and  z,  the  in- 
clination of  the  two  orbits,  and  a:z  the  distance  of  their  nodes.  Now  to  deter- 
mine  the  motion  of  the  node  in  any  given  time,  we  have,  by  the  variation 
6f  the  triangle  zNz  (see  Spherical  Trig.)  sin.  z  :  cot.   zN  ::  varj  z  :  rz  = 

var.  z  X  cot.  zN  /  ^r  •  *^  ^^\  ^^'^  x  ^^^^r  ^x  sip,  a;z,xcoU  :cN 
r =  (as  var.  z = Nv  x  sin.  a?  x  sm.  a^z) "^ .  •  ^     "-  - — -_CT=^ 

sin.  z  sm.  z 

the  motion  of  the  node  of  the  orbit  AN  upon  the  ecliptic,  in  the  time  the 
node  moves  through  Av  upon  the  orbit  of  -B. 

Ex.  Let^^  represent  Mars^  and  B  Jupiter;  then  a'Z=  SO"".  22',  the  anglcj 
iV.r!sr  =e  178°*  41',  and  the  angle  Nzj;=lI°.  51',  also  A^v  =  1 4^,2  according  to  Ml 
de-la  LcANDc  (found'by  Art.  1073);  hence,  A^-a;=:  IS5°*'5'^  which  being  greater 
than  90°,  shows  that  the  node  of  Mars  is  retrograde  upon  theediptib  from  thcf 
action  of  Jupiter  j   hence,  rz  =  14",2  x  sin.  178°.  41'  x  sin.  50°.  22'  x  cot.  135°  r; 

=  7^83  motito  df  the  node  in  a  yeJir;  ther;efqre/lS^  3!  is  the^e,cuJ[^r.motioi>. 
As  JVi'  =  44^.-55',  the  node  of  Jupiter  is  regressive. 

1077.  The  angles  at  ^V  and  v  being  equal  (1075),  the  intersection  A  about 
which  tl>e,9i;|)j|:,;iipf^fl?,n>nsti|3,e.^p°  from  N  qh^\  ^Hej^Qe^  as  the  twp. ofbits^^iV', 
Av,  and  BJS\  ^7f)^^\^v^fse^^qJf\  each  other  (in,, each  direction  fofli^p^.ftoiji  A 
and  JB,  it  is  iwanifq^tij,^^jip,ieach  case  the  angle  at  r..j^  loss  thaft j^i^t  ^^,  js,  and 
thei;eifpr^  the  .ij^jqUnatiqn  upon  the  jeqliptic  i^dfffun^^l^edi.ibut  \^^  ang]p  at  s  is 

?•  By  t{)bttloal  Ti^feosiWetry  pt6pV  35,  Wn.'  f  .  IvT^J^i^jfe^t  f '/tx^Ci!^t4b3^^S;    '  and 

*  jJ  >JVsuJlMmi]lbn.4ii&r  op^^  Lu-JMT<>y;    hence^  ■  findii^ »  half  the  imn  r|nd  difference 

COS.  A  ,  Nxz  +  A'w 

j^^Hri'^M^'Jyr£''l[4i^ii  at^tinc^-dlteVmiiie/^Iiether  the  node  of  ekcli  is 'pr(;gK£sive 


15S 


OW  We   motion  Of  tHE  PLAVEV  Of  THB  ORBITS  OF 


greater  than  that  at  Xj  and  therefore  the  incKnation  upon  the  ecliptic  is  increas- 
ed. Hence,  by  pliMnng  th^!  node^  in  ^>cdi :  t^r  difi^rq^ft  potions,  we:  deduce 
this  rule,  given  by  M.  de  la  Laxde.  Whenever  the  node  of  the  orbit  qf  the 
planet  "which  attracts^  isjbrxvarder  tlian  the  node  of  that^f;hich  i9Mtracted,  the  in^ 
cUnation  of  the  orbit  of  the  attracted  body  to  the  ecliptic  is  dimHhhedi^H^  the  dis* 
tancc  of  the  nodes  be  less  than  180^ ;  otherycise^  it  is  increased.    We  here  mean 


the  same  node,  that  is^  the  ascending  or  descending  one.  Now  if  wej  arrange 
the  planets  according  to  the  situation  oi  their  nodes,  beginning  ^th  ihat  whose 
node  is  forwardest,  they  will  standi  iims :  Saturn,  Georgian,  Jiij^mr^  Venus, 
Mars,  and  Mercury.  Hence,  ISaturn  diminishes  the  inclination  oF  all  the  other 
orbits ;  Jupiter  increases  that  or  SatUnr,  and  diminishes  all  the  r^t ;'  and  so 
on.      Tliis  is  upon  suppositibn  that  the  ecliptic  is  immoveable. 

1078.  Now  to  find  how  much  the  inclination  of  oach  varies  in  a  given  time, 
we  may  consider  the  triangle  Nzx  to  vary  and  become  vrx^  where;  the  two 
angles  s  and  N  remain  constant ;  hence,  by  spherical  TrigonometiT^  Prop.  54. 
variat.  z  ^  =  A^^k;  x  sin*  «r  x  sin.  .rjor. 


Ex.  The  node  of  Mars  goes  back  upon  the  orbit  of  Jupiter  14'',9  in  a  year, 
also  the  angle  Ni'E  for  Jupiter  is  l^  19',  and  the  distance  zx  of  their,  no^es:: 
5(f.  22'i  hence,  Jupiter  diminishes  the  inclination  of  the  orbit  of  Mara  by.  a 
quantity  =;  lV,2  x  sin.  l\  19'  x  sin.  50°.  22'=0%848  in  a  year,  or  24';,l^in 
100  years,  .,    ., 


i  If  » • 


1079.  Tl)c  following  Tables  contain  Uie  annual  movement  of  the  node9>  apd 
..the  secular  change  ot*  the  inclinations. of  the  orbit  of  each  planet  from  t^i(t« 
traction  of  the  rest,  according  to  the  tlx^ory  of  M.  dc  la  Giunos, 
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THb  FLAMVTSi   FROM   THEIft,  MUTUAL   ATTBACnOMI. 


ANIWAt  MOTION  OF  THE  NODES. 

By 
the  Action  qf 

Mercury 

Mara 

Jupiter 

Saturn 

t- 

Mercury 

Jupiter 
Sahim 

-'■o",io 
-'i,S1 

-  0,87 

-  0,14 

-  2,18 

-  0,12 

+  o-,f6  ^y£ 

-0,0(1    -nO,„t^ 

-   0',31 

jf  17,  SS 
4',o,'o'i' 

~<i,  39 
■7-,!?.  95 
+',5,88 

-  o",ll 

-  8,06 
-0,00 

-  0,  14 
-12,  28 

-  0,  34 

■'  I'i 

'  total 

-    8,98 

-19,  50 

-25,79 

-19,3^ 

-  20,  93 

Prtces5ion 

50, 25 

50,  25 

50,  25 

50i  25 

50,  25 

Mot.  in  long. 

41,27 

30,  75 

24,46 

30,  91 

29,  32 

llie  Qrii  pet^endicular  line  shows  the  body  Which  attracts,  and  the  ftrst  ho, 
riibritailirie, 'Ihe  body  whicTi  18  attracted.  When  we  see,  for  instance,  that 
Mars  attnictfl'iMars— 0',4S,  it  is  not  that  Mars  attracts  itself,  but  it  displaces  the 
ecliptic,  and  makes  the  nodes  of  Mars  move  —  0",43  upon  it  And  by  Sub- 
tracting the  regression  of  the  nodes  from  the  precession  of  the  equinoxes,  we 
'getthe'motibn  of  the  nodes  in  longitude.  In  order  to  adapt  the  effect  of  Venus 
&t&&'^dnd'1^tltij!iontal  line  to  what  it  would  be  upon  our  supposition  of  its 
density,  we  tntat tUndnish  all  the  nuiHber»in  tbendo  of  1,8825  :  1,024. 


SECULAR  CHANGE  OF  THE  INCLINATIONS. 

Bylhc 
Action  (If 

Mercury 

Venus 

Mars 

Jupiter 

Saturn 

full 

(ffiO 
+   9,46 
+  0,06 
+   9,87 
+    1,04 

+    r,94 
o,0O 
-   0,42 
+    2,60 
+    0,35 

—  0f,05 
+  17,95 

0,00 
-13,20 

-  1,25 

-  0",95 
-17,67 

-  1,06 
0,00 

-  7,51 

-  l',10 
—26, 65 

-  1,25 
+    5,89 

0,00 

frotd. 

+  20,43 

+    4,47 

+    3,45 

-27,19 

-23,11 

Wenmatdiiiiiaiahitfie  8ecoiid,]Waz<)Qtiit]JUa(.wJMl^  U>><»4FClp  )ld«|itit 
to  the  density  wbickwe  iiave.  assotoed.  This  sepulu  chaDge  of  iodinatioii 
takes  into  considenttibn  tlw:dIspTacement'of*HH^'ecliptir?  "'  '■     "  '     ' 

.     .!>      .::      >.  t,.;i,  ,Kr    ^y>..  V.  .ifj^x^U.^ 
.■■^■■"■.     \  ■  VA.>N'.  ■  ■■>     .vV;  ,,\.    'D-,  ,  V     ni-  '  "li  1. --:-i: ;  .y}ti^i. 

•    ■  •  :-■•:■-,   K  ■(?.  a-)jri'ri;(in7il    ,"<r'-i/  ,n/.  al^nn/;]!!   iijl^ifu- 

no.        lOSO.  Let  V  X  be  tbe  poation  of  tlie  ecUptJc  at  any  given  tim^.^^^  th« 

S97.    orbit  of  Fctik*,  W  j¥the  feqiJati^r/"'^^  asthekltradtJoiPaP'^enm:jgi3iI_?iie 

earth  causes  the  oi«<.of  th^*M*Ht^«o-fepQk,Hfiowi)fte  sffbi^lf -Xeflp?^^ 

be  the  next  position  of  thctivdipticji  JgtwiAs  thieJpiig^deij|<^^..jtl^^pp*le.«f 

Venua*a  orbit  is  about.Sf.  IfHr^  a»dl  tbfr  aflglf  vAK.^rK^^p^f^\^9»(A9Ti0,i^ 

incUnationof  the rtwa.orUts  is  xiotaltered,  we  lvave.^r=i9p!^jl;h^r^re..^;^ 

backwards  beyond  w,  coawqumtly  the  Tecliptic  has  gone  forw_ar48^^\ipon  ti^ 

equator  from  Tto  c;  and  from  the  motion  of  the  ecliptic,  tlie  laiTtude  arid  Icn- 

gitude  of  tlie  stars  will  Jl)e  a^ctpd.      Hence,  supposing  the  triangle  'ir^jf  lb 

become  cB^^  ,an^.tb^  aogjpi  Z?  and  V  to  remain  constant,  we  l^av6'(di'& 

Art.  1076.)  ^c^  ^y^xsin.  fl,><  sin,  y  B  x  cot.  nr>i_  (becaim  ^,J^x^'^fi 

sin.  <r  ■ 

...,.-        ^        .  «  AVx  sin.  A  xCttB.yA 

=:  sin.  ^  X  sin.  np  ^*  and  an. -r  W  X  cot.  vA=co«.  <rA)  — v..  <y 

sin.  T 

the  progrre«sk>n  of  the  equinoctial  points  upon  the  equator,  iMn  the^kction  of 

Venus.    Now  to  find  the  value  of  this  upon  the  ecliptic,  dAw  c^'perpendicidar 

to  Ti,  and  tlien  we  shall  have  ^p^^^xsin.  ^  xco3._y  xcpf;^^^^^^^,^ 

sin.  <r  ,    "  ^ 

sin.  A  X  cot.  <r  x  cos.  v  A  the  progression  of  the  equinoctial  poihts  upon  the 

ecjiptic.     For  JypUer,  Satifrn^  and  the  Georgian,  A  lies  above  three  signs  fivm 

FIG.      T  *"'^  therefore  r  lies  oh  the  otl^pr  side  of  t  as  in  Fic.  238.  ther^re  ^  and  o 

238.     lie  on  the  other  side  of  nrj  consequently  they  cause  the'equinbctiiij  pbinTEs'to 

go  backwards;  but  tA  being  less  than  three  signs  for'allHne  oilier  'jffanets, 

they  cause  the  equinoctial  pt^nts  to  go  forwards. 

1081.  Now  to  find  the  variati,bn^ o^the  angle  ^jVehave^  (^  in  Art.  IO76.) 

variat.  A  T  =  ^ r  X  sm.  B  x  sin. '  nr  h  =  (because'  smV'B  x  si^l'  %  ^ =sln.  'A  x'fein. 

T  /4)  ^/rx  sin.  A  X  sin.  'y  A.    Now  as  Tr  is  9(^,'7^'i3'  cfrffivW^ng  ih"Ay;si\d 

thcfpfqr^^^i^^an^le  J5cf  is  less  than  By  A,  consequently  Venus  diminish^  the 

obliquity  of^.tiiV^ecIiptic.     And  as  rr  is  less  than  96*  for  alt  the'ptWiets,  'they 

a't  tend  to  dimmish  the  obliquity  of  the  ecliptic.    When,  by  the  rfioiion  ofthe 

equinoxes  and  node  A,   irA  becomes  greater  than  180%  its  sign  becomes  ne- 

gativ^,.an^  the  ob/iqifijr^  >vi|I^b,e  increased.    Hence,  when  the  longitude  of  the 

ascending  Pflde  of  a  plapet  s  orbit  is  W  than  isO;,  it  diminishes  the  obliquity 

of  the  ecligt^Ci  but  when  greater  than'lSO",  it  increases  it 


•ss  ^  F  X  sin.  ^  X  COS.  v^,  and  co  :  ra>::  sin.  r<v>  ;  sin.  rw : :  cos.  ^  t  ;cos.  ^i»;;. 
hence,  vw=AVx  sin.  ^  x  cos.  Av^  the  variation  qf  latitude, 

1083.  To  find  l9i^it^iaa«toV<of'l«)Jl^itM^'  ^^Wit^  ti^  «»SHation  of  the  right 
aiiffled  triangle  ^;r,  whose  bypothenuse  sr  is  constant,  we  find  (1047)  vs^ 

^^flo^itiiiii^'^f  "^^'^ aiflbM^tict^ '(^ofih^^itiakji  b^<lhd'pfes^et'9 1^bH>- i<^ki  of 
^^^iftar»y4a^id&''^^»"it  die^rtP^  th*iJ^tfH»tidrf;^ti»'«b^fei^lr<i'lK» 
'^j&V^''9f>6T/m>^u4yr-'fk>'ih'  <r  tW,e  &^  ibflgitiidd  of^»  >thk  Stki^ki«iU  be^lsb 
'SHetf^'vy  %^6^^rx isin.  '^'x  cttt.  ''i'^S^ito* ".V> il. ' 'HenCeii  'thti  whblc  tfaridtion 

;a/ij.iiO',ijj 


ill   .    V    ■'.:•-■(. f    f./ 

r    'tl> 
rw  Y    ^i*'j  ■<  \\.     •II''    -    *V*^ 

-^=H^4«ek»ati6n  of i^e^f knet'i^orbit  to^  the  ediptiscy  i    i      .^  U     »•-   : 

^         ,   Xo  zsthe  dbliqulty  of  the  ecliptic, 
f      ,    X  =  the  loriguude  of  the  asbendimr  node  of  the  pldHeVs  orbit. :  ^    '  ^ 
Z  =ttie  longitude  6f  the  star,  * 
>^   V  V, ^^  _ita  latitude,    ^       -  •  v      /•  -i  <l,,;>  07/  rf  ..:1|  ^<»r  ,.\   .->   -..■ 


*!»t    MOChT    ^irircri    hiP>-^   u.'^-.     ''  *«     ■'O'^'^      -''  '  I    '-*■    •  '.  /        •  '-  \\\     fl   - 


KJCeaw  th»P  180  >  .the  pianet  will  increase  the  pbfiquity  fi08l> 


IS 

s 


! 


.Oil 


/  '^4Jf  4t>l^;^xCQSk  (/—//=:  the  iTicri^oJ!^  of  the  Latitude  of  ^  star  on  the  north 


,111,  ax  sin.  m,x  cot.  9PXC0S.  Zr=the  progression  of  the  "eqnmoctial  points 
tmoD  &e  ecliptic,  when  ,co9.  X  n.posOiv^  and  the  re&'dMim^  W^t^,  *li«avke 

" '  IV^'tf >^1in: m X «n.  riTx'iiii,f *(ltat>aW'<i^&^Vi«iyi^a^«'tl^fl 
gilfu(k'wliic(i l^eWs  'fo  each  '/iairticutor  Mit  (lOS^^^^h^  ^hWb^l^  irti^ti 
negative  iflien  the  lab'Wl^ '^^.'  Ithis  ^^presaj^n'is  «MMi^  "whi^' ire 


ISO 


o»vimK>it(n»snot^'vnz*yttuitmog(ei  •sm»<fB»sw9 


csob'otiietlt  i^e»f(Oti<i90d|r«4i4lin($Nltdlalt^tfie^it4s(<f-$c  sSQ^^ftoooiite-iiis 


their'  secUTar  nfcfionsTin  longiiude,  ani' ihe  uiclinatiori  of  tlieir  cirbifel  ~a^8^3? ^ 
ing  toMf.  de  laXANDc.  « 


(jfiii   n  IV   blM    iifnili  r'^/M.i  I'^i;    .ji^T 


Planets. 


Node  in  175Q.ikoii2prMot«>tn^*lmatioD« 


[V  biM   iifUMi  r'^/M.i  I'ni;   .jiM    :■■, — r   ■ "    -~^ nrr:    ■^■.f|—?7rr 


'^VetiHP'f'^ 


fiiili  moil  tg|^"j(  <^V7I,    \i 


tjiU   to 

.^*f*     'I -^ tr-^ 

..  r  •     'i   I ; 


1 


*<iOl 


?->i/7.o'3*-ir^ 


^^^59i,  so      1-    18,  56 


Hi 


I 


.a>4r 


^  < 


.'/  ,'  t'jif;;!<f 


''fl  .noom 


-   <   >i->n| 


1.  51.  '  O*         2fe  lii 

'     '    ■  ■■  I     r  "      ■»'  ?  ♦   ir*    If'  'If?'? 


Saturn      ,,^8.  2L,*S2L  2^    d  55.  SO     2.  29.  50  34 


Otbi-^lkfi 


1    \\\tiL 


:m;\.r 


^.'-t^rnij  3P"'>*  - 


:\,{i'[[  ,(\\u'\ \  I 


» .  t .. 


-^-    ^    ■\vt\^u\ 


10.  46.  20* 


Mf!*  rncvtl 

(It  , 4;e.?. 

[1       '>i!tit 
^'>  0,*7  *|i'-^'^        ^^^ 


«  .•         /kit  V        /%  i .      .tf-v 


C^  thei'io^Qn  of  me '£qm?ioxe$  Jrorn  the  dlstu/bing  forces  or  the^ 

i  ■tio:'-^  'l/joy  Oill  .^i/'L.ii    ^''-\l  ^'l^'''',}'-  -    '^  *^  -T     \n.y/.  \^  \\\\Vn  Tiitx'x: 

1086   By  Article  1083,  Iir.%6  tnbtiott'of  tHfe  equinoctial  pWftts'iiptAi  tH«f 
erUptic  ill  an  hundrfek!  y^  at  tin's  time  is,  '<ibt:'28*.  28"  >i'(lxy*  sih;  "7°  i^*^ 
45*'.  21' +^58' -x sin.  3°.  28,5  X  COS.  r4*';'"26'  +  2^'^'rih/i^' i6l"5iPti6b:41«i^»6;Q^*f 


ofi  (b(&-.AqwtioKevupoi%(fhd  aplipitieB'jtt»n»ikhi»jwUs9»l)ia-*tso«drtJgi^O'tJi^Arder. 
ofjl|i«i(;igns}i  an^Q9PK(|u^Ui^[ib7>j4mf]<fqiM>tHyttlH;r')i»gj1t^dmtpt.''<6U\.0ie  9M9j 

gression  from  the  action  ot  the  8iij(,a(!q,ni!Jiii}|{i|[(8n  ^hf^^j^^tj  'SI}fi\}^;&^*U 

centui 

SS'jpfJilarf  ]'.  4".  27'.  I8\  of  g/woi/ery.l'y^^^  of  :SV;/.7r«  a\  5^  *S'.^h\ 

and  taking  tf.e  lioiie  of  t!ie  Georgttfn  the.^ame,  we  have  t!ie  jjicccssioii  in  that 
centurj'  =  C,Qt.  ^-f.  30'  -  (lO  x  sin.  y**  x.c'os.T24°.,'5i'  +  5.»'&"  y.  sin.  3°.  23',5  XC09.  , 
59V  W+ 82  X  sill'.  1°.  .'Ji'xcos^'si"'.  ^V+'^'d3"x  sni".  t!  iV  ^x^  Wij  Sl^.^^^'-^p*"' 
xsin.  2'.  3tf  xcos.  95°.  49'  + 0',7  x  sin.  46°  x  co!*.  102^  33'ii"=47  /  w^i'cli,  beiif^ 
positive,  tibew6  thBt-4he  motion  of-the  eyimoxes,  from  the  attraction,  of  the 
planets,  Mas  tbon  pii<^r«68ive,  by  tliWtquararttytfT I  m -jI.m/j      .i'\3\uyi. 

1038.  The; precession  (1022,  1035)  of  the  equmoxes  iTom~tfrc-™n  and 
moon,  by  disjiiicing  ^e  'tqiiator, '  varies  is  t^e  cimine  of '(he^<iHK^ity|  of  the 
ecliptic,  ind  jiierefaE^  as  the  obliquity  diminishes,  tfae  piBce33i(ia..ij}creases; 
this  will  inciease  the  preceiwion  aboyt  9"  in  1700  yearV-iiDin  thisi  cause. 
TheretbreJ  in  the  firoti  JOG  years  ofMOur  ffira,  the  -precession  of  the.feqiinoxes, 
fromtlie  action  of  the  stni  andiBoon,  mast  havebeen-l",  fl4'."*',4— 9^'-=7ll°.  23'. 
5S',4 ;  thtreibife'  1°.  iiH'.  53',4-47''=  ^!  25".  ^V  the  whole  regtfilisibii  for  that 
time.  H^ncp.,l°.  ^3j..45'— 1°.  23'.  6'',4  =  3a'',^tbe"quajitity  by  whicl)  (the  re- 
gression it  faster  noW  in  100  years  than  it  wasTn  Hie  fir^  lOOj'ears  of  oiir  fera. 
In  conseijuefttp  of  thUj  t|i^  tfppical  year  keeps  depreo^ing ;  an^tfri^w"!  con- 
tinue till  Uie  place  of  the  nodes  ot'JufUer  aud  Fsiius,  from.ivUidi  tlie4irincipal 


re'gressioii'bf  thg  eqnlnBcVi'al  points'  is  (at  tRe.aoovefklep  /aster  now  'bf  6,386' 
in  a')X;iVVto^l^i"&itebtglbningofourt^ti;rioW"t^  tale^^^  tb'liiove 

over  that  space  ;  hence,  the  tropical  year  is  9'  shorter  now  than  it  was  about 
*'^?9  iT^^^xS^"  \''^^^/A'''*H'^?'  7^'^J  ^-^^  therefore  decreased  at.  the  mem  ratp  of, 
about  half  a  second  in  1 00  years.     M,  de  Ja  Place  makes  the  year  shorter  now 
by  Itf'.SS  than  it  was  at  the  time  of  HippAHCHUs,  who  lived  about  1950  years 

1,039.  rri)i^,ipq^^ase  of  rtsgrespjon  38",6  in  1.*^  ages,  |^fs  ^\^^.  for  every 
jqo  jieap^^jygp^gititOjI^CTeftse  uuiibi'^y^  andasitwi^  ^°r^^'^^',4  i|^,thc 


-Of?  ^.'ii')>   'iOi'M  ^i^Mjrl  to  ^i-^H  b'ii;  ,*or/  .  ^r.o\ji\  -^iii'j/ ^w*"-^  .MM>dr.  h^r/.  linn 

tic,  at  thktitfXQ^  jf^  ififf  y^^i»^jUf:?ifimii^h^9^li  »;pin4qat(,b Jfia" ^joAn iMi 

2&xsin..9\  2S',5,fr,J»5r  ^.tfi%o♦7^  Sg^^  ><  fiin-  1^/^.51 '+.69^8;  be  tin.  Vf.HAfi 

:;=  49%35;  tbia;,^90|Qclu^a,pgjP§§«  y^i^Vifi^'^  ^^  obwfWlkiPflW)ft«»>ii^iin^ 
appeals  th^t^i^Uif^.tif^  f})9uqiUhf^at)4he^.mte:ilf latout^M^^ 

years.   .  ■       :...;r,:f,-/  ^;  o^  V)  [Cur   -..j    /.      -  ,,r)i'//  .^jfriK"  rjiij  nf/inisri 

1091.  Now  dlpwingt  i^r  ^q  n^qtjpn  y^f  t|b£  of  0iel|daiiet8i)aAd0dblc 

1086.  we  have  t|;ie  sf^cular  di^piin^tio^  for ;  the  j^r^ /;  100  .^^eiur^  of  itaona^ 

s^jp.  2%.3Q'-fcp,^'  x.-siR.  Xi92°,.?^',>c  fiUi.  46;  =  45%4»,  whichris ^;9S  kasiAn 
in  our,  ^^,(  li^^, h^ve  ber^^. 3uppp&t^ ,the. i<^ 

.^jl^0|9,i.  7]l^e  snatifMa  of  .the  no^e  of  the  ecliptic  upon  the  orbit  x>fi  an jiftoflt 
^;^vaote^p^;aiy.Vf^riatipn  of  thft, inclination  of  the  ecUptic^ifromttbeiiiitBfr 

iim)o£diftttplaneti(lOfty)::i:^F:  ^F  X  sin.  ^  x  sin.  ^A  ::  (6<kc^^-'I^^ 


^ 


i^et'':'tb'e'c6^;ttnpBtki*V  v^^  6f  the  'fec^tfc'TAfom'-Ipe 

Uteii  6f eWtitidetifci'tif  J*  iiiti'V:^ 'Vi^':  Sn.  ^  x  vei^.  sin.  ^^^'^^^^^'^'a 
r:  180%  the  ratio  b^WW^^i^^  "Sfi.^L^F,'*  Bdtig  dne  foutth'  of  'i^k '  W6^^eiicc 
of  a  circle  whose  radius  is  unity.  Now  the  secular  motion  of  the  longitude  of 
the  node  of  each  planet  being  known,  the  time  in  which  t  A  from  nothing 
becomes  I80^\wiii  l»d  Icao^te;  h€lic6,  the  motion,  if  IT  ite  tiil^t  time  will  be 
known ;  put  that  quantity  =  rf,  and  we  have  the  whole  diminution  of  the  ob- 
Uquiily;pf,tfeq.ecUptic  in  the>tiro^.the  ascending noi^§(^f  j^  p^ipt's ,eirbit« »oves 

from  Arks  to  Uhrazz^!!!^:^.      WbHst    the  ^^Hiidte  ntoveff  ftom   Libi-a  to 

Arie^,.t|ie<]^y^9H^7.V^^'^  increased  fcjy  the  same  quantity.  Now  the  yaUj^e 
oii^LSl^^fot  Mercury z^l\  S&yiot  Venus ^V"-.  1^:  18'}  fat^Mars^l\44'ii 

for  Jupiter zzSO\  4i%  and  fef  ISatuntzz^.  4/* ;  the  effect  of  the  Georgian  we 
heife  obriti  ai  ft  wbuTd'  fee  ektremely  snlt&ff.  'Ifehdii'if  all  Aese  could  conspire 
they  would  cfenini  A  the  obliquity  of  the  ecliptic  1^^5t)'.  ST','  ikt  aS'tWS^m 


;^aH,j?irf^Nfp:^  fl^q^^T^iB.,piD^A>,,MipA«g^oi(fc  iS9 


renua  and  Jupiter ;  now  the  ascending  node  of  Venus  would  nave 


lave  coinct^^ 

-with  Aries  about  8700  years  before  17^0,  and  that  of  Jupiter,  9900  years  be- 
fore i  their  effects  therefore  to  diminish  the  obliquity  do  not  begin  at  the  same 
time ;  and  for  about^.tk&  fi^^^iSQftji^Qti^afl^vjhttodaftMtJLM^e^^  Jupiter's  node 
inth  Anea,  the  effect  of  Venus  tended,  to  increase  the  inclination ;  and  as  ths 
BfiiiikiPdao^ntfl^Jthblnodesdf  JuplttfrtHiii<ftl^iH:t«'^re^t^QfaTi''^at%^^^^ 
rtttJr  effects  will  eoRSpirefor  a'^ry  <Jonsia«r^e^()aiff  (if  ¥hy  tSiie'ltt'^^ciW  th^lr 
O0dba  Sre  0K>vii^'**ai' Aries  -to  LibdtP  -''■No#i'ihe  ilrfe<rftf  draiin^tioh  froih 
¥eiiQ»«id9ui»)Mrtcgfedieri5  1°.'«/)'.  Ss'^'^^fee^^ndtfix  this'as  ihe^iiriit  of 
thct'JiiMBti(Hi'ol'i«h6>:0<]uatortothd'e{^i[iK«i  bS^iffi^'ti^^'dahmlatiljn  h^s  been 
apon'sui^dsitwn  that  the  inclinatitiA^'Of^th^^i'Ultk  of  th'C'Jilariets  to  tH^  ecliptie 
remain  the  same,  whereas  they  are  subject  to  a  variation.  The  limit  of  the 
imriatioaBQ^]the>«bJiqiiity  wlUbe  greater  tJiflti'thsC  W^ieh'ive'haTe  here  given, 
beamvetfae'inciiDationsof  the  orbitsinay  be  gt^ateV'ttriiit  th^  are' at  present. 
But  -a  -cakuiatfon  (I0T8)  of  the  variations  of  alt  the  inclft^tidns  ^Umthf^r 
nuttial  attraetions,  and  their  numma  and  minima^  and  thence  the 'Itniit  of  the 
vaiiiatuM  6f  die-obliquity  of  tlie  ecliptie  to  the  equai^H-,  Would  be'{d6%tigi:o'tid 
iiere  introduced.  As  the  rste  of  variation  of  the  Inclinatida  apf/ears  'ofdrw  ib  ti^ 
nearly  uniform,  it  must  have  arrived  at  its  maximum ;  consequently  the  iti^fii 
DStion  itself  i«  now  about  its  mean  vaJue ;  and  according  to  M.'de  la  (^axge,  the 
iraalittation  of  the  ecliptic  to  the  equator  will  never  Vary  more  thaii  ^l^S'ftiim 
tfjeyear,l,70(S.     (Alem.  He  CJcad.Roj/.  des  .^cien.  IIB'J).-    It  is  npt  trae  theret 

fr-e,  what  some  Aut\iorshav^  asitertedf^diatttfa^  ^jiptic.w^^oc^efl7,pecpf^nr 
f^ji.k,^"^'  equator ;  por  whato^h^^  ,li^ve.a^?w^f},.,i^L,th.ftt*liftW|K.lil# 
^rPr^MorP  ^".'"^  (liminislied  till  it  coii«^e^.w^,^t)^^9qu^|4jf,^,jftv^  w^^^-th^  Sffli^ 
^iierati^i]  wtiich  Ins  takeo-place  from  tlje,fime,oi',5^p  pr^t(qfl,,ftpfl^^at,fottj»» 
chanms  wiiitli  syiiic  liitve  supposed  the  eai\th  |{p^  ufl45fiK9flfi*  i,,  j,\j  ,,r.  - 
't<,  'ibumaol -JiU    I'- iiuf-.;-  ■•-'■        .'...,.  -I  -    i'.^'    -..(i.,'    ..i  -i    .,    ■ 

^nidJon    nio-it  l:^"r    fi-tlii"il.   ■.■■■'        !r.ii/..i;,-    ^iHi-jri    unium   ii'j;:-j  '>0    :m:  -il 

-do  ofit  Id  noiionuiiib -JUKI'  ■■•r..^  ■  litu:  Ai  —  yJiJiiKu])  n^i'  nq  ,fi.''  ,i 
^''■•■ioosjJftrt'3j}y^e',i©-,'^??i.F'for  the  lon^uiIeS'ttfthe  ascendCH^'nddweiP 
^rj^l^y'  !^^J^'  •fyS^'^*  Saturn  and  tBe  Girorgiaa  ;  w,-..«^y,^^  ^,^r 

ttie  inclination  of  their  orbits  to  the  ecliptic,  and*  o,  b,  c,  rf,  e,  f  ftM-  the  regi 

|Wteliv«(l*irfoe^  ory«rBU|h*ii: ^  1 085, M0'<*»* ' ♦^"^ 

joipt  effe(jt-5^aUj^he  planets  =ifl-»<,MB-  *i-K)cqs<tJ—  ri  +  fcK«kWi.nietV(^:^T— jSf  +c 

xsin.  rxcos. /— 'J  +  rf>csin.  rx  COS. /— i>  +  ^¥  sin.  .f  x  cos.  (— -E  +7*)*  sin, 

^■.      ■■>  ->W-i^''iii    !■:   irWv'   ')nj      *  .fc^,'    ..■  ? 'lot  fine  ,  X\    .Ob  z. -ts^ft." 

TO  X  COS.  iT*|i'.     ^i|(t  ^hjJSjCxjpr^s^pn  r^i^^  be^re:^der^d  ^re^^pvenjenji^iRy.^b* 

,^tuting.c5^j^  xcg*  /,-t^ainj  4;f;^iD.  ijibr^cos.  t'r-'A,  ^  n^aking.t^B  like«ub- 


1 60  611  <Ms  iroTioii  or  thb  flanes  of  ti»  orbiti  of 

stitution  for  the  other  cosines ;  hence,  the  variation  qf  latitudes  (a  x  nn.  m  x 
tw*  A¥h  X sftj.  ilPjx^cOs,  J9  +t  X  sin.  r  x  cos.  C+t/  x  sin.  $  x  tJOS.  21  f  ex liii* 
^^^x  COS.  £  -f/x  sin.  w  x  cos.  F)  x  cos.  /  +  («  x  sin.m  x  sin.  A  -^bx  sin.  n  x  un. 
p  +  cx  sin.  r  x  sin.  C-vd  x  sin.  5  x  sin.  25  h-  ^  x  sin.  t?  x  sin.  E  +yx  sin.  #|ji^  mi. 
J^  X  sin.  /.  Now  if  we  t4li6  the  vahies  of  these  quantities  as  iii  Ifi'c^  Talil^,  we 
have  the  variation  of  latitude  for  100  yean  from  1 750 = 7^558  x  cos.  (+49^949 

xsiB./.  -**-  -•  '■■■''      '        '  MiMM   .  i.;J 

Ek.  The  longitude  of  Jttf^tilM.on  January  1,  1760,  was  4*.  36°.  29'.  9(fy  whose 
rine=:0,55205,  coS.i4^'^6.i«*Si^;''h^btfif*r,5.98  x  -0,«8f48+<4<9',»49  x'0,^^905 

=20",56,  the  {n(?r<?(<^  e>f  W^IHfl^  KUmde  in  100  yeafft/the  latitude  oTtBfe  Mar 
being  nor/A.  "''    *  '  *' '      ''■*•''•      ■ 

1094.  If  we  make  the  same  substitution  for  the  part  of  the  variation  in  Ion* 
gitude  which  is  common  to  every  star  (1089),  we  shall  have  its  VaSiie  s 

7",558  X  sin.  /-  49^349  x  cos.  /  x  tan.  t.  Now  (1086)  the  longitude  6f  M  the 
stars  will  be  diminished  1 7^,4  from  the  motion  of  the  equihoctial  poitlta» 
independent  of  the  above;  h^ce,  the  whole  variation  In  longitude  « 
7\558  X  sin.  /-49V349  xcos77  x  tan.  ^  - 1 7",4.  This  expression  is  for  stan  of 
north  latitude ;  for  south  latitude,  tan.  t  becomes  negative.  As  the  nodes  are 
not  fixed,  the  values  of  these  formulas  will  vary,  and  may  be  computed  at  any 
time,  by  assuming  die  places  of  the  nodes  at  that  time* 

Ex.  The  longitude  of  Regukis  on  January  1 ,  1 760,  was  4'.  26®.  29'.  SOC, 
whose  »ne  =  0,55205,  cos.  =  —0,8838,  and  latitude  0°.  27'.  27'  N.  whose  tan- 
gent n  0,007985  ;  hence,  7'',558  x  0,55205  -  49",349  x  —0,8838  x  0,007985  — 
17^,4  =  0'',377-17'',4  =  -  17",023,  the  secular  variation  of  the  longitude  of 
Regulus. 

1095.  If  we  want  only  to  find  how  much  tlie  difierence  of  the  longitudes  of 
two  stars  have  varied,  we  may  leave  iiut  that  part  of  the  variation  common  to 
all  the  stars,  and  only  compute  the  variation  belonging,  tp  each  particuUr 
fitar. 

1096.  The  variations  of  the  latitudes  and  longitudes  of  the  stars  thus  deter« 
mined,  are  found  to  agree  very  well  with  observations,  by  comparing  the  lati- 
tudes  and  lonigttiides  of  the  stars  m  given  by  I^ol£Mt  in  his  C^talogue^  .^ith 
the  latitudes  and  longitudes  observed  at  this  time. 

£x.  The  latitude  oF  the  star  N^  27.  of  the  Oreat  Bear  is  54°.  87',  aod  that 
of  N".  10.  Dracom  is  81°.  48';  also,  .  ,  , . 


liir.  »  vljieiwigitudeoa  1780,  >  .m^,|  x  nLcMig^  4t  t^jtin»<B.flfr?'i;p^^ 

iSf the  &i§t .star  v-„-    -,  5%^^\^    ,phheStsisLr\.'-   \    V.'^.'^sbf 


Dm.  of  Lonir.    -    .     -      6.    6.  49 


<4^i.'*^^]i   ^JimUi,rtO    UliliMr,;/      ..I       ..y,  ,J 

Dift.  of  Long.    -    -     -      6..    8.  TO 


iOng< 


>  r,i#ence,  ^e  ^er^epieefif  the,,  ;?nfiptH4fi%^f .  ^h^  two  ^^tiy-s  has  ^aecreasgd  j/. 

fSl'  9»B^tl^^r$iW  flfi?5FG^WX^an4ejfeW3|ff1l«fr,^^^^  theory,  by 

computing  the  variation  of  the  longitude  of  each  star  for  the  above  intisrval  of 
"time, 

*   4P1?7-  4p  4tfetCO^|jell^J^oQ  Jjuriga^.^^t  Jtjije  tii?)?  Q)f.,Jfjf.9JW:yY  jthe  .longitude 
n9iS  %  ^Hj5?,niii,Tas  ^  t^^'-  ^^A?^d  l^ti^ude  80f^Nr;,.^d^i5^4700  its  latitude 

*3''*#i\ftfeitJie  above  times.    The  former  latitude  wa^  therefp/e  increased  19' arid 

On  //<«  Motim  of  tJie  C>rbiis  (f  the  I9atemtes  qf'Jvpiter^'fnmfikok^ 
.  Attractions, 

'"^'i^gsi^Ttle  niotioh  of  fli^  noaeS  of 'ttie'sitcllites  artfi>(to*-f*i^e^fl^ 

^     Ex.  1 .  Tq  fold,  the  motion  of  the  node  of  the  second  satellite  of  Jupiter  upon 

^tWS^'Ifl  f[?f^;'  WinW?3fi^bAe  fevblntion  6t  *ec|ff«M>n*f8atilKte,th8.tnotion  of 
its  node  zi  42", 386 ;  and  considering  105  revolutions  in  a  year,  its  annual  mo- 

''^'"Ex^'^^^lPa  <iria*'t!te'rfiotSon  of  the  noii6»(ifthe  tHh-d'sateIlitt»tf^i4wteBupon 


traction  of  the  second.      Here  —  = 


the   orbit   of   the  second,  from  the  at 

m 

^tfj66otf24^li,  a-i'i  h«t)(^;?h'()Ae^t^vi»ufibn'^1ii^tU^  of 

its  node  =  2S\6l ;  and  considering  51  revolutions  in  a  year>  itg  annual  motion 

is  20',4. 

VOL.   II.  Y 


J   ■  I ;   1  ' ' '    -  - »  .  t 


'  "TO]  )  i!0'*uiri  ^ifit  fiodl  bnr   ,  liorriMfi^c  vlnW 't    >>!  ^m  ^i  .*;•.  -n     \]ir > ;    '     /ri)tfi;.t:i 

jMrtljTi'.ndTijIfifi^Ofb  rncTii  pn'<:nj;  .ftoitoin  lOfliifFt  r,  evr.ii  ^^jF)OfT  orit  h,^*    ^'t    . 
xlt   .''^>h<H1   >:aoofn  ailj  to  nojiofrr    ^dj  gniwond  Jnil       :r:^>(j  >i:fl   >l,oi   ,-   .  :....i 

cflctfu;)  tiiii  fc^v  I^i  ^i^Mprn  ,  f)^  1*4.  Hor>on  ^j^t-^wnpi4o&K>^i|-  _  v-     :.;, 
4.3*— 1  V*""^  4.7*— 1      1-^^/'  / 

1 102.  Let  t;  be  the^ number  of  revolutions  of  P  from  the  given  epocb^  v  be- 
ing negative  for  any  time  before  the  epoch  ;  then 

,The  intteaae  of  the  equation  of  the  center  is  j  ,        . 

Twxt' xS6p  xe  xsin*  i  — ixcx  1 +w*  — 3Z»w.  \ 

The  mean  motion  of  the  aphelion  according  to  the  order  of  the  signs  is 

qH}  (Is   io  ^^bon   ::>d.T    \    -..  .  ^'  ■.  i'?   -L.^-uji-^LUiyil ^b.o  ^'i-'i^ml 

m  X  V  X  360  X  (t  wc-i  -  X  cos.  JZ-i  x  c  x  iH-n*-  3ftw).    ,^^^10),:;. 

; '  j'^ftlg^^tbtiillfirtionr  tif  the  inclination  XfiPI  the  orbit  upon  the  fiK64*plaiie  is*     i 

;.;j  !f:i;njur  ho//;  rfimt  -  .s.^  i  •  <Toi;tofri    orh    f>nii    ti^uvs:,.  •;//    ^  ,       .•■:»   ii^ 

;>ill  io  3')ldi  '^nrdfijj-';;..    .^  wr  x  t)  x  S6OP  X  fKvW^TU  ^'hiWi  ^^ ''  ^     '•   ■■':'^  .>  1 

6j  ^  'Shia^i^ltc&gfadisyiboiioh  of  the  nod^  upon  the  fiitedi^lahQi^/.  >  1    .'     , 


,       ,       ,fr  ■    3:WLxrx360"xWx  1--XC0S.  r'-r.  _ 

^yUdij  ^^d  b9Jn989jq.'     ^  •  "    •  '^'''  "''■  ■'-'  ^*'''^    '»    »'    -•jiiifn'io  vlijfi.*  r> 
If  we  thus  collect  the  effects  of  all  the  planets  upon  P,  the  sum  will  give  tne 

whole  variation  of  the  elements  of  .the.^orfrit^,Q(  i^v,o^^S,gi^ft>gfl^  only 
serve  for  a  limited  time  from  the  given  epoch*.  ,      ,    .  ,  . 

:i:  m  x  r  x  S6tr  xncy  :it  sm.  r 

5 


164 


ON  THE   MOTION   OF  THE   PLANES,   &C. 

for  the  diminution  of  the  obliquity  of  the  ecliptic,  produced  by  the  action  ofp 
upon  the  earth ;  v  being  the  number  of  revolutions  of  the  earth  from  1700,  y 
the  inclination  of  the  orbit  i)f  the»pl/nd;  ^tiponithe  ecliptic,  and  r'  the  longi- 
tude of  the  ascending  node.  The  sum  of  all  the  diminutions  from  all  the  pla- 
Het«  will  give  the  v^bcAQ  diminution.  When  r'  is  greater  thap  WQ%  '\rbich  it  is 
not  at  present  for  any  .of  the  planets,  die  sin.  r'  becoraea  neg^tJYe,  vand  the  ob- 
liquity  will  then  be  increased  by  that  planet. 

ia04.  Hence,  by  colU^i^ting  \^e  .effeicits  of  all  the  planets,  if  v  be  ^he  nupiber 
of  years  qfkr  1700,,  the  whftle,,4?^yW^<>i^  will  be  the  differi^nce  b^ween 
93a",56  and  932",56  xco^  l7.%768IK^,^^9jl40%34  x  sin.  32^,84 12r,, supposing  tbe 
variation  at  tliis  time  to  be  50^  in  100  yes^s.  For  any  number  of  years  btfare. 
1700,  the  sign  orthe  second  term  must  l^e  changed.  ,   .    -. 

1 105.  In  like  manner,  all  the  planets  together  will  produce  a  precession  of 
the  equinoxes  equal  to  50^3353?;- 3292",28  sin.  17",7686t;  — 9315^,65  cos. 
S2'',8412i;  +  9315",65  in  v  years  after  1700j  for  any  time  before^  the  sign  6ft; 
becomes  negative.  The  inequality  of  the  precession  of  the  equinoxes  changes 
the  secular  motion  of  the  sun  in  respect  to  the  equinoxes ;  this  motion  is  46'  in 
this  agq,  but  it  was  45'.  23"  in  the  beginning  of  our  aera.  Hence,  the  place  of 
the  sun,  calculated  with  the  uniform  secular  motion  of  46',  as  in  our  Tables, 
will  require  a  secular  equation.  And  this  secular  motion  of  the  sun  gives,  for 
the  increase  of  the  year  by  going  back  from  1700,  36",114  x  sin.  32%8412t;  + 
6%9039xcos.  17",7686»-6",90S9.  Hence,  at  the  time  of  Hipparchus  the 
year  was  about  10",33  longer  than  at  this  time  (1088). 


i»' 


CHAP,  xxxvir. 

ON  THE  EFFEfctS  PHODUCED  ON  THE  MOTIONS  OF  THE  PLANETS  IN  THE  PLANES 

OF  THEIR  ORBITS,  FROM  THEIR  MUTUjAL  ATTRACTIONS. 

Art.  1X06.  Let  5  be  the  center  of  fin^cfe?]*'?^  *He  drt>it  of  ^a  body  described      fig, 
by  virtue  of  twoibrces,  one  (/)  tendfiW^'fl^ini'^he  body  at  JP  in  the  direction      ^^^* 
FS^  and  the  other  (F)  acting  in  a  dir^dtron'l^^pei^iTrdicular  to  VS.    Let  SQL 
be  a  line  giveri  in  jpbsition  ;  draw  PA  pfer|J6nd5ciikT  'to  iSQj   and  complete  the 
parallelogram  PASVj  and  draw  Fr,  -.^if  perpetidiculat'  to  PS.    Of  the  whole 
force  acting  on  P,  let  J/ be  that  part  which  i^ts  in  the  direction  P^,  andm 

the  part  acting  in  the  direction  PV;  also,  let  mP/S,  pzzPAj  q=:PVj  tznthe 
fluxion  of  the  time,  i;  =  the  angle  PSQ,  a:'=its  sine,  ^=its  cosine  ;  then  Mjp=z 
that  part  of  the  force  Af  which  acts  in  the  direction  PS^  and  m^=:that  part  of 
the  force  j/  which  acts  in  the  same  direction;  hence,  Ma:  +  mj/=f;  also,  Mj/ 
=:that  part  of  the  force  M  which  acts  in  a  direction  parallel  to  tJ^  and  nLc=: 
that  part  of  the  force  m  which  acts  in  a  direction  parallel  to  rV;  hence,  wu^— 

Mt/  =  F.      Now  by  the  principles  of  motion*,  pz=  —  J//%  and  qz=.--mtj  the 

fluxion  of  the.  time  being  constant.     But  ^  =  r^,  and  q-^iry;  and  as  .i^yv^  and. 

^=— ,rr,  we  have, 

... 
pzzxr-^ryv^ 


•  •      •  • 


(^A)  p=afr-i-2yrv+ryv  +  ra^v^=:i'- Mi  ; 


q  zzyr  —  rav^ 


:.x_      ^i«^ 


(S)  q -rzyr  —  2xrV'-rxv—ryv' zz—mt; 

Multiply  (J)  hyy  and  (B)  by  ^,  and  subtract  the  latter  from  the  former,  and 
we  get 


(C)  2rv  +  rv^  —t^  X  My —mrzzFi*. 

*  If  P"  represent  any  accelerative  force,  v  the  velocity  which  the  body  would  acquire  in  I*'  by 
that  force,  s  the  fluxion  of  the  space  described  in  a  given  time  t  with  that  velocity,  then  if  we  mea- 

•  •  •  •  •  • 

sure  the  velocity  v  by  the  space  described  uniformly  in  1*;  we  have  1*  :  I  ::  p  :  3  =  r<,  therefore *c2 
±.  vl;  but  v  varies  as  Fx/;  let  therefore  vzzFxi,  and  9  =  +F<*- 
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Multiply  (A)  by  s  and  (B)  by  y  and  add  them  to^th^,  and  we  g^ 


^•'         * 


From  the  equations  (C)  and  (D),  the  curve  P  J/ descii^i^bed  bjf ^e  body  P 
may  be  found.  These  fltinAmI  epilations  alt  the  same  af  ^fapse  distehnined'  hy' 
Clairaut,  Euler  and  Mater,  in  their  Treatises  upon  the  theory  4ff  the  moon, 
the  integration  of  which  is  a  problem  of  great  difficukjT*) '  &A  a^  the  &8t  of 
these  Authorsi'has  pfooeed^  iq^  ttiuinc^  the  most  easy  tabe,iinders|oQd'1']r 
the  generality  of  readers,  I  shall  here  enter  into  a  very  full  explanation  of  aU 
his  principles  of  investigatftCMi.  ^  ^        ^^^^    .  \ 

'    '   '       .    : 

.      y  —      ■  - 

1107.  Let  the  force  y*  consist  of  two  parts,  one  of  which =_,  C  being  a 
constant  quantity,  and  the  cAher  =D ;  or  let  «/*=^  ^  ^  ;  ^en  2ri^^  txfs=^FPi 
and  ri* — /* •= 9  +  Z)  X  /\     Multiply  the  first  of  these  equations  by  .i^^and  \te  get 

^!lJlIZ=:JFr/,  whose  fluent  (/  being  constant)  is  ^^^,H=a +/JV'/,- «  beii^g  a 

constant  quantity •  Multiply  this  equation  by  Pr/,  and  wc  hav«^  i^v^aFri+ 
Frixftri,  whose  fluent  is/Pr'rrrz:  a/PV/ +^/pyr*;  mnlfip^ this% '2? 
an4,  add  /i*  to  both  sides^  and  it  becomes  a*  +  2fFr^v=:a^  -f  2afFri  +/P??*P 

whose  square  root  is  ^tf'-f  2y  PK—  a  -h/Fri.  Hence,  -j-  =y/a'  +  2/'PHv, 
consequently  / —      .      ^     ^    .  =  C^  ^^  PUt  ^=7  ^T^  1 

1108-  Let  us  next  take  the  other  equation  rr*-rqp^  +  Dx /*.     Now  in 

tliis  equation,  t  is  constant  and  r  variable ;  but  it  is  well  known,  that  in  a 
flnxionoL equation  of  tiie  second  x>rder,  where  r  is  vanable^^ai4  V'^cAri^aVit^jrtuit 

if  we  substitute  —  -^  for  r,  the  equation  will  be  changed  into  one  in  which  r  is 

constant  and  /  variable  ;  if  therefore  for  r  we  substitute  r — ^,  the  equation 
will  be  cihjhijged  finto^ one  in  which  rand  /  are  both  variable. ' ISiil^siilutin^  there- 


*  yf 


♦  For  ityzz/Fri ,  tbm  y  :s  Fri ,  theteforc  jy  =;  Fr/  x/fW ,  1^  t^Sifl**!Sft^>*t?ri/if'*^    '    . « 


fore  r  ^  14.  for  r  m  iSe  abovcPequation,  it  becomes  nJ  -  r  +  _ = -  +  \D   x-   /% 

in  which  equation  we  j4P[jty>assu£^erfOrifl  constant,  as  it  may  be  found  conve- 

nient.      But  (1107)  /  = ^'^  .K...f^w^-7„2rr^-x  Vi  x  TT^e-ar^ve\^ 

fl  y/  1   +  2e  a*  X  1  +  2e  X  v/1  +  2e 

""1  4^:2^"^'^^"^Tr7nf.=w,*— :*•}  divide  bptfefi«idiwJ)(jri  fcoB^^^nd  ;tr^ 

^     2;''*     ^        y^  .  _^aVe  iu)t  »  .;       Mil 

and  we  get  i  ^Z TL  -  ^'  ^        xt        r     2r*      n         r 

^      r ;? —  =  -1 ,  — .      Now  --_-=  flux.   -J.;      put 


1  +  :?^  +  ?Ll£ 
aIsal.  +  P=: ^L_^=   (as  e  =  -^^S^.-ttrid  therefore  *  rii::^! 

^    /-^  ,  and  then  P  =  J;:! ^£ j    hence,  by  substitution  we 

.wM     ""^fjS     C        a*       a*        a         r     i,    a-       'i% 

«?.F--^=a--    ^+^'  on  -^,+  ^x    flux.^-,-hJ'=0;j,utl- 


-^  =4,  then  i=:fJl,  and  *=^  x  flux.Z.,  or—  x  5= flux.  — ,-  hence,  the  equa> 


s 


tion  becomes  ^  +  -1-  +  P — 0. 

1 109.  'Ry  find  the  fluent  of  this  fluxional  equation  ^  +  -t-  -KP=  0,  supposing 
P  =  cos.  wir,  or  of  ^  +  -Tj  +  cos.  mt;  =  0.  Multiply  it  by  cos.  vxvj  and  it  be- 
coines'  S^^?i?»'^\'^  ^*x id»j  «^ k  v  +  cos.  mt;  x  cos#  <^y:  n^i=r  b ;  now  tb^^'flllont  of 
the  two  first  terms  is  cos.  t;  x  -,-.  +  ^  x  sin.  v* ;  also,  cos.  mv  x <:os.  t;  x  v  =  A .  cos. 

V 

.    COS.  V  Xs 


♦  For  the  fluxion   of  cos,  oX  -r- +5X810.  v  is   .  "    . r-j-jtos,  »x..  :;^  -fc^  iW.f«  X,i  fft  <^X»io.  v 

"  ••  •• 

_co8^^2ii-«8in.  rxi+sin.  rx* +5X  cos.  rXp=:5:^il^ — ^+ 5XCO8.  rXt^',  because  cob.  p  =  — 


fio.  r  Xi?i  and  sin;^ tSd&l  r' X tJ .    Hef ^\'  is  topposdd  comtairf,  as  in  die  last  Art 
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1 


m+i  .vxv^i  .  COS. ■  7»- 1* .  V\ v^ -whose.ftueatia  »w   ■  ■■    ■> k siq^.i^H^.d *  IM- , 

^-       X  sin.  771-1  1 1; ;  Twit  sin.  t^j  +  V.'v  zrsin.  tw  W»C{»;:'7x-+-sift,  t'  x  oosbOKXy 
and  sin*  m^i  '4:r*fff  «0.  «WHieotv^-;5in-«(?c  (:i»  «W>\r*QR<;fin4lJ«^ 

wt;  X  COS.  i; ■  x  sin.  v  x  ce«>jmfcpAHi-^,K^..*mK  GttliJlirfr{tnr2%  >(^ 

^  ^ -^fT--^*'  lit   *mtp*l  *kI    ^1'  tiil-'^-'t'' '  ♦•  i^oti}.  i1*)-w|  ^jiiMl     iUi- 

f  X  COS.  mv ;  the  >¥holA  lMd^»ilhd!tefbl^f*«»mesy<ro«o      42'*Mrx  aki.lct^cfh^Mji^ 

xsin.  mv  x  cos.  w  — — ^-— Ax^j^,  px.cos.  mvszg^  a  correctio|^.    Mvl^p]y ^q 

,    ,  .      -        r  jM^i  v    \^x8iu.  i^xv^      TW.   _,8in*  wzi;  X  t; 

last  equation  hy^*    .i. -i  and  it  becomes 4- ..^-  ^iu..;»in,5ttJ  sdcWiJ^s   j» 

COS.  i;        1 1  ^^^*  V         COS.  t; . ,   .  ,v  w ,-  1      ,  ^  cos.  v 


1         sin.  V  X  cos.  mv  XV  _^  ^         v 


"TT*  .""  ..    O 


...     ,  .   — _      .        ..  --,;    now  Uife  ^u^t^of  %e  ^two  fir^^ 

'«    —  1  COS.  f  COS.  V 

quantities  is  — — ,'  f or  if  this  qndhtity  be  put  into  fluxionti^^ifc  will<^'bd^  foind 

VC/d.     V 

to  give  those  terms  ;   also,  tlic  fluent  of  the  two  next  terms  is ; x  — *- — , 

:  v  ..  '1       -  •      .   to  n<TSfrfip4  ^i/lP'^lfP  .V 

for  if  this  quantity  be  put  into  fluxions  it  will  produce  those  tjp^o  terms ;  but  this 

last  will  want  a  correction, because,  when  r =0,  it  becomes-^  —j —  ;    therefore 
that  part  of  the  fluent  corrected  is  _L_-    i — x^^^^^^;*lttltK»Atefl(lrtMMf 

^  W'— 1      W  -  1        COS.  V    ^  '^^ 

1.;  .•         '  '  :-»  ^ut   bai|  «yijB<!»^«^aic 

-  X    . — -=1— o  X  tan.  t;*;  hence,  the  fluent  becomes +  — -. r 

C03.  V  '.COS.  i;  v^  —  1     m  —  1 

I  ,. -  -  —  *•  *\  t  .^ .  I  — 

)S.  7HV  J        *  "* 

'     -~g  X  tan.  rzic,  a  correction;  consequently ' 5— ^S<  siViTfe^c  x  cos.  t;4- 
'^^-  ""^  .o^  —  ',y 

X,  X  COS.  t;  -  -il_  x'  cos:  mv=:0,  the  Wlji^^teWrfi^Vfiaai^'Woi^fctem 

tlie  value  of  P,  that  is,  from  introducing  the  di^urbi^/fel^ir^ 
out  whichj^jt^f)  whole  force  would  have  v$tf ied Jnyejfs^rMh  tkflilKlHME^  tP^^^ 
distance  or  the  body  from  the  center  of  force,  and  the  orbit  desiyibed  wqpld 
have  been  an'^Hpsc  about  the  center  of  force  in  its  focus.'HeBMenir instead 
of  assuming  P:p:cos4  mv.  we  agsume  Pzza  x  qos.  mv  +  b'  x  cos.  nv  +  &c.  and  for 


*:> 


COS.  7nv 

X 

cos.  v 


\ 


J 


^  «       .  ^  tan.  V «  t,'  ■•  ^ «  •*  •_ '  •      -  "^  -■  Jsa        -ti*«tVw 

^^  ^  ^„- ^    izzcos.  t*xian.  v,  therefore^ — ^-^^^  =  tan.  r.  0 

scc.r  COS.  V  • 
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^  we  substitute  l-?r:»  we€btaiii~.ffll--^x8in.i?— (c — 5— — ; -&€.) 

xconk  «>—    4?>«  -  X  COS,  nw  -1    ■  i  ■     x  cos.  nv-*&c.:=:0,  which*  is  the  equation 
m  —  1  n*—  1  . 


^I'liiiES  V^hii^ -(k^ril>^  by  the  two  forces  ^^  +  /?  and  F,  the  former  tending  to 


£ 

tlN^  center  .of.  forcfd,  and  the  latter  acting  in 'a  direcfSon'pefpendicuIar  to  the 
radius  vector^  upon  the  above  supposition  for  the  value  of  P,  which  supposition 
irtftways'sppiitiable  mnlie-'case  of  the  planets. 

1.1 10.  It  has  been  proved  (868)  that  if  r  be  equal  to  the  radius  vector  from  fig. 
the  focus  of  an  ellipse  whose  semi^parajtoeter  is  .equal  t^p^c  equal  the  distance  ^^^* 
of  the  focus  from  the  center  divided  by  the  semi-axis  major,  and  v  equal  to  the 

true  anomaly,  then  r  = Si ,  therefore  -£  =:  1  —  c  x  cos.  v.    But  if 

^  1  — c  X  cos.  V  r 

we  estimate  the. motion  of  the  body  from  sopnc  other  point  B  instead  of  A^ 

and  put  the  angle  BEM:=:Vy  and  BEAzznij  then  AEM::ix)^m^  and  we  must 

put   «?  — m   Instead  of  v;    hence,^-  l— c    x    cos.  v— m  =  1  -c  x 
COS.  c  X  cos#  M-fsin.  v  x  wn.  i«=:(if  A=c  x  cos.  m,  A:=:cxsin.  m)  1— /ixcos.  t? 
— X: x  sin.  v.     It  appears  therefore,  that  the  part  — -  =1  —  ^ x  sin.  v  —  ex  cos. 

V  of  the  equation  of  the  curve  in  the  last  Article,  expresses  an  ellipse,  whose 

a*  .  C 

semi-parameter  is  -^,  described  by  the  force  -j.     The  second  part  therefore 

expresses  the  alteration  arising  from  tlie  disturbing  forces  D  and  F.  And  if 
weeflkilDiltet)»e  motion  from  .^,^=0,  or  that  correction  (1109)  will  be  un« 

necessary,  and  the  equation  (putting  |?=  -  the  semi-parameter)  becomes  ^ 

s=  1— (c r -^_— &c.)  X  COS.  v  — ~^^ — :^  X  COS.  mv . x    cos. 

^       ,m^l^  n  —I  ^  ,       VI— I  7i*— 1 

nv  — r  &c. 

1 1 J 1.  Th(e.f?qj>a|jioj».9f  the  ellipse  which  would  have  been  described  without 

tftedisturbip[^or^,^J8^1  where  c  =  the  cxcentricity  divided 

by  the  senri-^axiti * mftjcrfv  **fl  |i=: the  semi-parameter;   and' if  w^^put  ti=c ^ 

-i — r — i — r-n&c.  and  -  x  ( j — •  x  cos.  mv — j.  ^ .  ^..x  cos.  «r— &c.) 

=  5,  the  equation  of  the  oibit  described  by  P  Mconies  —  =  —  —  ?!  x  cos.   v  - 

r      p      p 

•f  5,  where  -  =r «  x  C06.  x>  is  the  equation  of  a  new  ellipse.     Hence,  the 

VOL.    II.  z 
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ellipse  ivhich  would  have  been  described  without'  the  dhiturbii^  forces  ia 
changed  into  another  ellipse  very  nearly,  the  deviatioa  &cm  an  ellipse  being 
only  that  which  arises  from  tlie  small  quantity  #?.  -Tjjer  effect  therefore,  of  tte 
disturbing  forces  is  to  alter  the  excentricity  of  th,e  ell^^e,  to  .qljiaiigfl  the  meatl 
distance,  and  to  cause  a  small  alteration  in  this  new^,  elUps/f ^  tljp .  djipffBsicw  cf 
which  must  be  foitficj, from  observations.  ,  .  ^,    -irh  !m,i;  o:     -     ^ 

1112.  If  at ^the  same^^tinpfB. that  ^^  planet  describes  the ^j^pjgj^  v^^tii^p^.apsi;^ 
describe  the  angle  v-^-mvp  thejithe  'motion  of  the  planet  in  respect  to  -t^ 
apside  =  mt\  and  the  true  anomaly  of  ilib  planet  in  tliis  moveable  ellipse  nmVv 

therefore  the  equation  of  the  moveable  ellipse  i^  r^^^^^jf/f  cpaTJ^ 
Hence,  as  the  apsidtes  6f  tlilS  cStftits' ciF  thtf  jWanets  are  moveable^  WthUst'aWjtne 
~  =  ~  r-:;T  X  cos^mpy  when,  we. determine  the  value  of  ]Py.d,  bejj^g^J^ff^f  ^;KPr 

rameter,  and  w  ^\he  exlceritrrcity  divided  by  the  semi-axis  majdW  ^*    ''^^  a-JA 
1113.  Having  A'eieWiliried  the  value  of  r  from  the  general  equatioii  bf  ^^  tl&4V^» 

weca^.gi8t4l»etimeK;,fcr/=-^-===~;  .no^^^  =  ;>   tl>.e    ss|»H-PMa^}et«r, 

a^  1  +  2e  i^ 

and  kluw :  suppose  ,C  F^  ;  ^^^  ^^^  ^i*^^^  being  supposed  to^Jiahe  butia^fimatt 
ex<^nti;jdty,  and  the  mean  distance  being  assumed  =  1 ,  we  mav  suppo^  v  = 

1}  hence,  a  =  l.     Therefore  /  =  — =r*i;  x  1+2^^  .^  ^  =,r*v  x  I  --  i. 

"flglfi^ting  the  other  terms  of  the  series.  tjc 

-T     -      rr.      •  •    .  -    t     uJ  ouj.     /*i=^ot6'io 

I'll  4.  ByHfte  property  of  the  ellipse  (1112),  r=--  x  cos.  ^}»or  assuming 

rf=  1,  ^  =  1  -  w  X  cos.  mv  -f  5*,  iS'  being  the  correction  off  from  the  disturbinir 

forces  (1111).  Put  1  -  w  x  cos.  W  =/,  then  r*  == /+5l'^  *  =  r^^  -  2/"^  -S^ifeg. 
lecting  the  other  terms;  but  /""*=  1  —  ;4>x  cos.  fnirl''*=if'rt^.x;tw»*ifit\  ithd 
I  ^  =  1  —  w;  X  COS.  mv]  ^  =  1  +  Sw?  x  cos.  mv;  hence,  r*  —  1  -^.  2w  x  cos.  mv^%S 
—  6WiS  X  cos.  Twt;;  substitute  this  value  of  r*  into  /:^^V  ^i^r^^  W^  ^^  fll'?^ 
*  =  (1  +2?^;  X  cos.  ?ni;— 25— 6w*S'x  cos.  mv)  v  x  l-r-e  =  t^+  2a?  x  cos.  mvxV'--^ 
xv-ewSxcos.  mvxv^ev^2ewxcos.  r72t?xr,'negle^^^^  'terms'where 

the  product  cjf  the  two  small  quantities  S  and  iS  enteiw  2hl0»vtheitwo£rflt  terms 
are  independent  of  e  and  aS*,  and  therefore  we  have  nothing  to  do jwth  them  ii 
our  present  encjpiry,  which  is  only  to  find  the  equations  arising;  from  the  di*. 
turbing  forces ;  fcilt  the  otlier  terms,  depending  upon  e  and  *S,  arise  from  "the 
disturbing  forces;  therefor»(the. required  correction  pf  the.f^^xip^  of  th^  time 
is — 26  +  e  X  V— 2w  X  36>  e  X  cos.  mv  x  v.  Now  if  the  orbit  had  been  a  perfect 
circle,  and  there  had  been  n6  ijisturbing  force,  iv^e  ^loiilii  ttivfe  bad  7=  v,"'^and 


/^«25  afid  the  motion Mbeiiig^>uili&rtxiiij^jW<)uldiI^9Are.be€(ni^^^^ 
tnd'i  being  liere  ccmstjnt/i^^iiAist^islsa'expvessithe  saean  longitude  of  the  body 
jPl'    I^tthercJfenS^'sthfcTflueiit'bf 'fifcU6cte<^^  the  elliptic 

fih-iA  of' thb  bi*lt;^ariff^Jfe'^th6^tirfenVbi?^'^^  WVe x ^--*2w x  S^Hhex  cos,  mt  x r 
liri^l^  Trtrttt^  thl^^  di^Wikj^'%ideBi'ih^-i^H^&'^^^^^  therefore 7- «-p=:r ; 
that  is,  tp  find  the  true  place  of  the  bodyi'^rimtffcb^eetlie  mean  longitude  by 

ae  ^Ui^tic  e^toorf'i^^^^^  then  k^^ly* the  1^^ 

sS-^^ex  cosi  nw,x  v  with  a  contrary  siffn...  If  tlie  orUil:  be  a  circle,  or  if  the  ex- 
centricity  be  very  §mall,  for  the  correction  we  may  assume  only  the  fluent  of— 
2iS%ex  V  with  its  sign  changed;         ^'ciiitivoffj    jib  lo     ^. 

.  yj,5.  The.  ,gi|^^Uti/?3  here  ictqpfjj  ar^r  ift  ^^fRS  of  the  radius  supposed  to  be 
imity ;  and  as  an  arc  of  57%29578  is  equal  to  radius,  the  correction  in  the  last 
AatMh  ihust  be' -ttitiltiplied  by  57^,29578'  In  ordfer  to  reduce  it  into  degrees. 
Also,  the  foripej^  jP^^nd  JPare  functions  of  th(e  force  of  the  sun  at  the  distance 
unitpr,  (^f,^t  tl^ejn€;an  distance  of  tt^^  planet  which  ip,  distmrhe^. 

1116.  Let  the  sum  of  the  masses  of  the  earth  E  (or  the  body  attracted)  and     fig. 
sttri  *S  bWliitiify,  :^=:'the  mass  of  the  planet  P  disturbitig  thfe -motion  of     240. 

the  earth  j  then  —^^  is  the  attraction  of  J5  to  -S,  and  -^^  =  the  attraction  c£ 
E  ^  P;  complete  tlie  parallelogram  PSEW^  and  put  ;»  =  the  angle  PSE.   The 

attraction  of  jET  to  -5=  -L_,  the  attraction  of  J5  to  P=  .^,  and  the  atti^ttion 

ESf  EP  , 

of-ytoP=^,;  and  by  the  resolution  offerees,  EP  :  ES::  M^\M^^ 

M 
=the  force  of  E  tp  P  in  the  direction  ES;  and  EP  :  EW^  or  SPy  :;t^  : 

EPi^  -^J?^  P^  ^^  *he^  force  of  £  to  P  which  acts  in  a  dkection  parallel  to 
SP;  therefore' M^l^-  -:^^  =  the  disturbing  force  of  P  npon  E  in  ^direction 

EP^  .S  A*  -         . 


m'^A^^'A'^^m^^^'  '""'"^  we  have  F=-  [^^|^^^^J  , 
ttn^'j j^  it  (iie>^oi^Mii«%  ac«  perpendicularly  to  SE  ;  tiiis  must^  tie  ^^teii ; with 
sjconfemyeigfiiy'  ot  :^,  idlen  the  body  attracting  isnefttest  i^  tti^^ikH^b^ause 

It  then  acts  iil^  opposite  direction:  also,  -  j      J?       "".-n^.  I  x  cos.  rr=the 

foi^fe  whicJh  afct^iil  the  direcfibn  ir^;  hence,  J'^'^'^'^^J  f^^^^-lj^l 
X  COS.  ^st:!^  ^^t}iT^|p|p,^orc$  ia  the  dizectioii  of  the  rodius<    IIiq  ^ue  of « is 


y.     ' 


Dr^Frr 
fFr^v^  a  being  unity  (I113)j  also,  P  = »  and  as  c  is  a  very  small 

Dr^     Frr 
quantity,  we  may  assume  Psi-jr-  +  — r  —  2e;  and  as  we  assume  the  sum  of  the 

■ii\t     '\'^  !.)  ix.iii)ihn  ijTOGwa  wfiib^frfi  ■.'     'A*^ '      ^"^A  ix^.    i^i :  w  . 

masses  Qt  the  sun  and  body  attracted r;  1.  we  have  Czz  1,  and  theriHfora  Pziih* 

Frr  

Hence,  we  have  these  fquijj^^uaticMis^     '-^  ^ 

1 1 17.  Let  jB  be  at  ^  the  higher  apside  in  conjunction  witft  .JP^t  JB^  JSiilf^;? 
the  angle  f^P  of  ekmgdtioQ^  t;^  j^^,  and  let  the  planet  i^  .f^ieaf^eil^  #^^ 
and  E  an  ellipse  whose  center  of  fprce  is  ^S  and  the  other  focus  C,  and  let  1  — » 
be  to  1  as  the  mean  motion  of  the  planet  P  to  the  mean  mo6Mih  of  ^e^fidwtS, 
or  the  body  attracted  V  tiitac|  SG  in  O,  and  let  AO-aa  I.  ..As  ^j^<Aif^  of  ^le 
earth^s  apogee  is  very  sitiall,  wief  inay,  for  our  present  pmnposS^^ois^^  tt*^ 

fixed)  and  putting  us\SO,  we  have,  Ijcl-^^x  qos.  v.    ^gfif  i§e  |rtiaM fiiotiQn 

r     d    d  .;  r^^rj      "' 

is  very  nearly  (3JJ7)  ^kp^t  »thfj^  gj^jpt  C,  and  2tt  x  sin.  vsUCd^  which  measures 

the  angle  CES;  hence,  £Ci  ==v  +  2ux  sin.  v;  there/ore  » -i^:  lB^-?2fcVriffi  te 

::  1  -n  :  jl,  ^494  «=w— a«  x  l— «  x  sjn.  t;.    If  tbja»4j^«|?fPft,I^^tgj»e^^^^^ 
rior,  knd  its  mean  motion  be  to  that  of  the  earth  as  1  +  II :  I9  then  m  ssfiv  + 


We  ptoiceed  l^o^^^o^t^  anpliciition  of  these  principles^   vcOi     'm*.  f  . 


M  • 


■y        tj.:J4JdUAi«^     4^1    >^    uVi  '  y' 


V' 


vjEur attui]fi8  sum  'mmmoamtn^  j^mon  TincmviiCTg4i»uiAfjjMWTioMg>  'VtB 


•'»■' 


^  ■  I 


On  the  Equations  of  ihe  Eai^'i  Motion  produced  hf  the 'Action  q^  Jupiter. 

1 1 1 8,  Pat  EP :^SySP^ J,  SE = r,  ahct  draw  Eu pempndicular  to  SP;  then 
5M=rxcos.  ;5;  hence,  ^=v^6*+r*  —  2iSrx  cos.  j8;  put  2£rxcos.Jsr«*r^=/,and 
we  have  s^y/b* ^l;  also. 


■*-«■:  -      .  ^.   -~  — _  I         —     -* 


-   I 


P=I)r*  +  ?^-2tf. 


•a.-.H 


G4tb^  'i 


>^!&«^*^tfe*. 


f  cxpressn)] 


^^)  X  00,.  .)  =  ^  .  ((^.^)xc<».,.g.f^>x  0^.  .,,< 
4z  X  COS.  z  j  5  substitute  for  cos.  z  x  cos.  xr,  cos.  2z  x  cos.  ;>,  cos.  Sz  x  cos.  xr, 


and  COS.  4;3  x  cos.  z  their  values*,  and  we  gtt  f—--^)  x  cos.  z=A/  )^f  {^^ 

3^4+  — gj  X  COS.  42?  +  — —  X  COS.  5z    ;  this  we  must  subtract  from  the  above 
value  of -i^  multiplied  by  J/r,  and  we  have Z>=:Jtfx      -~  -  IlL,^^^ 

—  f  ^1«  +  J ICOS.  ^—   (  —7—  +  — i ;rrrl  X  COS.  2Z  —     — --  + I     x  COS. 

3;:  -  f—  -  ^^1  X  COS.  4;s  -  Hg^  x  cos.  Sz']  .    The  first  part  of  this  is 

constant,  and  expresses  the  mean  gravity,  it  having  no  respect  to  the  relative 
situations  of  £  and  P. 


.' '  "  * '  f . 


1119.  TTie  value  of  JP  is  —  f  — - —  -r-\   x  sin.  s,  which  is  equal  to  the  above 

-         -  L  «V      f>  J  ....... 

m 

first  value  of   r~-^l   ^  ^^^*  ^»  multiplied  by  -  sin.  xr  and  divided  by  cos. 


z;  hence,P=:-Afx  j^  [^+  gj^J  x8m-«+  |^p+^  xcos.  z  x  sm. 
z^  r^  +  ^^1  xcos.2;^xsin.;5  +  ?^'xcos.S;^xsin:if+H^%  fcos. 
4j5  X  sin.  J?  I  J* substitute  for  cosf*  x  ^n.  z^  cos.  2«  x  sin.  z;  co«.*MJ8^V: aiil'ir'iand 
cos.  4jk  X  sin.  z^  their  valuest,  and  we  get  Fzz  —  J/x.         gTi  +  q^j  ^»n  ^-  + 

fir^-^l  X  Sim  2^+  rif,'i+i2£Ln  X  sin.  sk^^-k  si#/'>«>  fi^!;.' 

X  sin.  5z  I  .     The  values  of  2>  anS^  i^  being  detdnbiMNli  ^^  ^didU  know 

the  value  of  P;  henoe,  we  obtain  ?$  (1112),  and  thence  (1114)  the  correction 
required.  '  ^^  ^  ^^  '^'"^'^'^^  '^  ^'^^  -^^^^^ 

In  like^ihaftner,  for  the  action  of  the  superior  omlb^^l^M^fP^Qt^i^w^.bayil^ 

♦  By  WgoiKHricdyi 50s.  ^4  x cos.'B=:f  c68.  A^-^  J  cog.  -4  —  B ; henc^0(riJJBJ«0M«:^4-ii  col* 
Ss;  COS.  22  X  COS.  zzzh,  cos.  Sz -f  )  cos.  z;  cos.  3xxcos.  z=icos.  4z-|-|co«.  3s;  and  cos.  4s  x  cos. 

SSiiCOS.  58+lfcCO«.  aB,'j!H>4).  ».,J     ..      „.       -.M-  .      ,      .  .:-.,..,.._.*      j   t  -^v   .  ^ 

•^  .  ?..\  .  .  ,■. 

t  By  Trigonometry,  COS.  y^xsin.  B=i  sin.  A-^-B  —  \  sin.  A  —  B;  bence^  cos.  sXsin.  s=f- sin^ 
2t;  C06.  22Xfliii.  %zzi  siu.  3s — ^  sin.  s;  cos.  3s  x  sin.  s^^«in.  ,4s  — i^ay]^J||,,|^  cos.  4sXsii|- 
*=i  sin.  5s—  I  sin.  3s.  --      ^         ^ '      ^  v  ,•  v  ':  - 


''i  • 


1120.  To  find  the  values  of  the  powers  of  r  in  terms  of  v.     On  account  of 
the  small  excehtricity  of  the  earth's  brbitj^  Wfe  rtiajr  M^efctiili'd^e  powers  of  tt 

above  the  first ;  awd  from  the  slow  m^i^i^n  o^^the  .  apogee,  we  may  suppose  it 

~  -  -      «  ■  ____ ^  .__ 

fixed }  heiice^  (nil),  -  =  -  —  !?  ^o!^/^fc.  is^^e  ^^ation  from  which  we  must 

r     P     P  '  ^v  u  . 

deduce  r ;  therefore  -  =  1  +w  x  cos.  r,  i A*- which  the  semi^ariimeter  jp  and  ex* 

centricity  m  are  known  from  observation  j  therefore  -^  =  1  +2m  x  cos.  r,  —  =  l 

V        ,:  P  .^     '  P^ 

+  3w  X  cos,  t;,  &c.  and  by  taking  the  fluxion  of  the  first  of  these,  we  have    ~r 

rV       ^\.  PV 

2=  —MX  sin.  t;.  :  *'  '^ 


1 121.  To  find- the  value  of  sin.  jsr,  sin»  2Zy  cos.  jz;,  cos.  2jj,  in  terms  of  v;  for, 
ixj  this  case,  it  will  not  bp  necessary  to  go  any  farther  in  the  values  of  Z)  (1118) 

and  2^(lli9).  As  z-zLtw-^^u  x  sin.  1  — w  x  sin.  i;  (H^),  we  have  by iTrigo-^ 
q^metry^t  considering  the  codne  of  the  last  term  =  l ,  and  the  term  itself  =  to  its 
sine  on  account  of  its  smallness. 


■^■*    c 


I.    UI^A 


i    ^J?>  "f/,     '-:. 


<  • 


V^;-'  — ^ .-«"   ^.*   '^-    '-"  •  ••  ■    ^'."^      ^..     -.k 


•/^  - ; 


sin.  z±:sin.  7/t;—  wx  1— nxsin.  7H-lxt^+  wx  1— w  xsm.  ti— 1  xr, 
c6iSi.  5r;;|C0^p  »v—  u  x  1—71  x  COS.  ^»f^4*l  ;< »9-'  W  x  \—n  x  cos.  n—  1  x  r^ 
sm.  2;2?=:sin.  2ni;  — 2tix  1— nx  sin.  2n-h  1  xt;  +  2tt  x  1  — ti  x  sin.  2n  — Ixt?, 
cos.  ^zxr^om*  a»P-'2ii  x  i  — nx  cos.  ^  +  l^  v^+  2u  x  1— w>^cos.  2w-l  x  r. 

of  the  suft  being  >'titfily,>iM^hich  we  may  consider  as  the  mass  of  tiie  sUn  and 
earth,  on  account  of  the  extreme  smallness  of  the  earth  in  respect  to  the  sun  ; 

and;  by  observation,  the  value  of  ^  =0,192451  j  therefore  ^JL,^    O9OO71264, 

b  D^ '  ' 


-'i  t 


<'->    ^z: 


1=0,0013714,1=0,0002639,   1  =  0,0000508,  i  =0,00000977,  &C.  alsQ,  l-« 
o  0^  b'  b' 

4  .  .  _    - 


■  X  ,  t  ..  .    .        -.V 


■  '^  g^^  j'thefe^re  w=:0,9l5659  ;  and  tt=:0,Ol68S  j  consequently  «  x  l  —  « 


17«  ex  l4A!  <Mcn  ntAbn<!M"<tx"'Mi  riiH8ta'Wtaii''itUM%  W" 

=  -L,  «- 1  ^"-0,0843,  n+l  =  \,91!ie»„i^i-  1=«{8«S  'ild'«»+i  xSJtM*^ 

A1«9^weuw*aer=,l,^it$incan  value. ,  ,;  v  -       :.  ''    ■    ^i .  '■ 

1123.  To  find  the  value  of  e  =  /JV'r.    We  have  (1119)  JtH^— jjj'x-' 

z~M  X  o,oio8i;4i  i'  A'!'*'  "  Ni,w«ft,r  -Miivlia'iMW.'fe!.  BBfttStWtfflBr- 
vdttej  found  in  Art.'fl!iV:A"egfiSin8"tl.'i  terfa».i^>i'rarxi*j??Ti(l,i'ittao 
— 8u  X  1  —  n  X  sin.  2n  +  1  x  v»  because,  when  toe  fluent  is  takeo^  the  aenomina- 
tors  will  be  so  large  as  to  render  the  terms  too  small  for  cpnsideratioD.  This 
substitution  being  made^  and  -adftatitutiiy  itfto  fiwi^it»  value,  we  have,  after 
taking  the  fluent, 

<>=:0,00000068aiS6j(  co«L  m'*  OJo6cXiOM5Sx  COS.  9>iV-nP,QQflp09ftt74(^f9s. 
it^l  X  t»  +  0,000006*457  X  cos.  2n-»^l  x  r.    - 

1 134.  T«  ^adxthe  value  o£  Dr^.    ISw  first  term  A/w  f  nK^,-o<^<\+ 
^H^  I  in  the  value  of  i>  (1118)  not  being  multiplied  into*  Ae  sine  or  cosine 

of  ir,  niay  be  here  n^lected,  it  ndt  being  a  variab)^  j[lif^jiyaipfafafiltfnDp 
die  place  of  the  body,  but  only  a  constant  part  of  the  wbde  force  frf^^i'tfa^ 
to  the  sun,  and  we  are  here  considering  only  the  variable  quantities  which 
pvodivie  the  itt^galiiHtieft  of  the  earth's  motion  id  cti&r«n^  pnttiitCNti^Mft. 
We  have  therefore  only  to  multiply  the  next  two  terms  of  the  value  of  D 

i„;U  and  w^oii„-i^x  l^^-lPj  ..^:i-F;  ^r^- 
!S£—\   xcos.  23=-.1/xO,0016023xcos.   2-Af  xO,019JM  x  COS.  9z;  sub- 

stitute  for  M  its  value>  and  for  cos.  s  and  cos,  3a^4hclr  values  round  in  Art 
1121.  neglecting  —  ux  1  —  «x  cos.  «+  I  xf  and  —  2«x  1— «  xcos.  2x4- 1  xp, 
on  aa»iin(,.«f  their  b^U  etfectl,  and  we  get  ,($ffi  iKt^ugi;^))!  f )(fti>^  ,t|w 

valw.9f,™|,  ,-->-t>^.,Jt.-,.i:ii 

J^.*'.HW)i(IB9ji<K>>.7  CM.  lK.^O,OOOploa67  cos.p^,-fi^f^ti^ij^'^\ 
n-lxv-0,0000OOm»cm..iHr-lxr.  ■;,..,.  ,!.)i-i  ■        . 

1125.  To  find  the  value  of  ?i!l     Assuming>=l,  we  Uve'tifiO)  2-  =  _ 


gitude  we  may .  spbs^twtf  the  mea^^  wil^ptf|;  pj^o^i^q^g  i^ny^  .«6q#kl^»iteiir 
therefore  s  represent  the  mei^ijonf^tude  of  the  earth,  we  have  the  correction 


0^00000785. ,«n.r'«»-jsi=x»«imja  /d  ^tfidj  lafii.  Iku.   .    dinin  yd  OJ  ?tHho  o/^t  ad* 

uap.  :The-flte3iirakK>t{9n  Qfv,lti()itaq?9^tlitif'  of'ffKf«artb':?«l^^iinfiY/Bil'1^ 

T^  X  J? :  4r/'h«ik«,  »»'=b>!€Re',i#§atfl6rigflfede  oF  Ht^  eMt^^&t  <^%^^^ 
which  putaryv  "If  lhbeftW#J<l4l<^  ^  rhaltijffiyea6h^tHte'ddlkiai!i»'% 

action  of  Jupiter 

'■  .    =s— ^Ji'il.ix-ain.y^-  85,7  >i  sin; '%<'+  tf  ^4  jk.an.  ^ — x-«.  1  vai^iSTT'^-*  Jo^vt  oT 

1  ISl.  In  the  foregoing  solution,  we  have  supposed  the  orbit  of  Jupiter  to  be 
.ar,Q)|3<^af^4;<9Kueqii«atly  k  was  'constant;  bat  if  b  i^^i^rflPdire  sei^t^ihra* 

i:»JSD.<^4upieBr.=,tt'H-«K'.iBas^.*^f  >prffl*ed isiin  Art.^ll'J'^'aria'^i'tJfeii 783^581 
,<,ihftc^^..beilig  to'that'xrf  Jupiter«t'l-4J  »<  t6't;  th^^^ea#  i^toff 'wf^e 


Broceed  therefore  for  this  value  of  z  and  -.,  as  we  have  done  for  that  o£z  and 

—  in  the  foregoing  operation,  assuming  those  terms  flQIy^.^Heie^tt/  ^ntets,  by 

which  we  shall  obtain  the  equations  arising  from  the  excentricity  of  Jupiter's 
orbit  We  have  here  omitted  those  terms  where  the  powers  of  the  excentri- 
city above  the  first  have  entered  ;  but  if  we  had  taken  any  of  the  higher,ppw- 
ers  into  con5iaeM*i«n7  we'tflight-  lh  the- AnSe;Mnnfer;  bkvfe^^ 
thence  arising.  If  [the  veadsfer  jyish  to-see  aij^^i^am]^^  Mjher^4bfr  exdentricky 
of  each  orbit  is  considered,* alhd  also  the  square  of  the  excentricity  of  the  orbit 
of  the  body  which  is  disturbed,  he  may  consult^  Kw*.  deiPAfa^^Hoy.  4es 
Scien.  1761,  where  he  will  find  M.  de  la  Lanoe  has  computed  the  equations  of 


rm  ,WMS»  OP^  THEIR  i»WSPh  IWO V/  TI^K  ^  MVJVAJs  J|iPppi^AqJSU>^  181 

therefore  f  x  1—^  cos.  z  +  mgs  ain.  z=0.    In  this  equation,  substitute  A  +  B 

z 

COS.  z  +  C  COS.  2JS  +  &C.  for  ^,  and  -*J3  sin.  ;!f.i— 2C^a.  93.i*T&c.  for  s;  and 

substituting  also  for  sin.  nz  x  cos.  js  its  value  ^  sin.  n  + 1  •  ^  +  ^  sin.  n  —  1  .jsr,  and 

for  COS.  nz  x  sin.  z  its  v'alue  ^  sin.  n  +  l.z — ^  siam^.i,-  according  as  n  =  1 ,  2, 
S,  4,  5,  &c.  we  get 


I   ^. 


■  =  0     •-,'    ^    ^?-        30-J     ;      •        .,       .       '. 
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<^'<¥i2MiffiteT0  tbM$udi^ei^n£  ^O^mfUvimitm,  MMdons -mi 


*^^Cos?i^^^^{broJ-Bfe4^fr.4^^  -^  '-  it:-  a  -  birr,  ,'i  loi  .0^5  -  :i:.^   .^ov  '>  «-  c    8os 

J^a  i>w  .DiS  ^^  ^-^  ^e 
Cos.  ;5*=i  (cos.  4a;  +  f  cos.  2tit;  +  ^ .  —J). 


Cos.  J5*=^d  (cos.  5zt;  +  T  cos.  Szi;  +  jf|  cos.  »). 


Cos.  J8;  =s A  (cos.  6a;  +  f  cob.  4a;  +  J-f*  cos.  2a;  +  ^.  ^). 


Cos.  ;c^=A  (cos.  7«t;+ r  cos.  5a; +  ^  cos.  3a; +  ^  cos.  a;). 


&c. 


&c. 


&c« 


1135.  As  therefore  the  values  of  cos.  z^  cos.  ^^  cos.  jc^  &c.  &c.  are  ex* 
pressed  in  terms  of  cos.  z^  cos.  ^z^  cos.  ^z^  cos.  4;^:,  &c.  we  have,  by  substitu* 

tion,  1  —^r  COS.  z\  ^*=  A'\'B  cos.  2r  +  C  cos.  T.z^-D  cos.  3jk  +  £  cos.  4jr -f&c. 
^9  JB,  C^  Z>9  E^  &c.  being  the  coefficients  arising  from  the  substitution.  Now 
from  the  substitution  it  appears  that 


-  .  «     w.f7i-«-l    »    .   4.3     m.m  +  \.m  +  2.wi  +  3  _^     6.5.  4 


1.2 


4.8 


1.2.3.4 


4.8.12 


fyi.wi-fl-^  +  2.m  +  3.ni-f4.m-f5    <j     ^^ 
1.2.3.4.5.6  ^ 


B-^mgx  < 


^    m-¥  l.m-h2  ^*  .  5.4     m -r  1  .w -f2.mH- 3  .rw-f  4    4     7.6.  5 
"^^^         2T3        "^       4.8^  2.3.4.5  ^       4.8.1s 

m-fl«ywH-2.m  +  8. 7714-4. niH-5.ni-f6    ^j     g^^ 
^  2.3.4.5.6.7 


The  values  of  the  other  coefficients  C,  D,  £,  (§r.  we  shall  find  in  terms  erf 
A  and  JB,  and  therefore  having  computed  A  and  jB,  we  shall  very  easily  obtain 

]136.  Let  s=A  +  B  cos.  js-f  Ccos.  2z-\'D  cos.  Sjs  +  E  cos.  4j8?  +  i^ cos.  5z  + 

. ,       ,  ,        ,s     ~mgs'>n.z.z 

&c.  =  1  -g  COS.  z\    *",  then  log.  5=-mx  log.  1  -g  cos.  ^,  and  --  i  _  „  coa.  g  * 
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11 37*  The  principal  part  of  this  operation  therefore  consists  in  finding  the 
values  of  ^  and  JS^   One  ^  the  methods  which  Euler  proposes  for  this  pur- 
pose is  this.     In  each  acinus  for  A  and  By  compute  th'e  value  ^  a  few  of  the 
first  terms,  for  insti^nce^  o^pn  terms ;  ai^i^  let  tlie  following  terms ^  be  0  +  OPg^ 
-^OPQg'  -  -      - 

or  of  the 
approach  to, unity ,^e  majy^onsider  this  as  a  recurring  series,  and  which  may 

therefore  be  i>?prefl|nted  tijr  a  fraction,    fet  tferef^re     -^^fg^+g^  ..  1  ^  p^» 
+  PQg^  +  PQ^g^  ^  &c.  vtSi  we  have       3      2 

_J    _yP     -yPQ     -ryPQ/J  ::-&c.f  _o. 

hence,  P-ii--«=^,  PQ-yP-J-e  =  0,  P*Qi2-yPQ'- JP  =i  0,  PQ/?^- 
yPQ/J  — ^P'^isO;  from  the  twc^last  equsktions  we  find  y±z  -    !^^r7    >  *=  Q 


■^  I'. 


^»» 


X  /{  +y ;  therefore  a  =  P—y  and  /s  =  Pfi-rP  — *  arcf  knowtC  But  as  the 
factors  P,  Q^.;/?>  ^  &c,.  JEtpproach  to  unity,  at  an  infinite  distance  we  have 
PQRS  k^,  ^yPQR  &cr  -»PQ  &c.  =0,  and  the  quantities  PQRS  &c. 
PQR  kc.  P,Q:)  &cr  having  each  an  infinite  numker  of  fectors-^and  the  first 
only  one  mor^tha^  the  second,,  and  the  second  one  moi^  than  the  third,  and 
the  last  factdrs  alscgequal  t»  unity,  we  hgye  l^se  ^^uantkies  PQJtS  &c.  PQR 
&c,  PQ  &c.  «ltimj^ely  equal  j  therefore'^  —  ^  —  >^0,  -or  y  +  J  =  l ;  hence, 

y=i2  +  ^^Zll>j=^l-yj  azzP-^y;  j»=|:P4^— rP-J.     Thus  we  obtain  the 

value  of  O  X  ^  '^W\'^  f  y  which  represents  iflie  value  of  all  the  terms  after 

those  which  Were  c^mputdjd^    1V>  adapt  nis  c^  out  present  purpose,  we  must 

assume  m  =  ff^        >^        ;  ^  T       . 

1 138.  The  Talues  of  !a  (Wid  J^may  also  be  Uius  obtained.  Let  1— ^  cos.  z| 
=  ^  +  -B  COS.  z%Cc^$.  r2»  +  D  COS.  3;i+j&c.  and  then  1  —  ^  cos.  z\ 
X  ir  ^Az  -f  -5  cos.  j?^^^.  i  -h  C Cos.  Str  •  i  +  &c.  thwefore  /   1  >-  g*  cos.  «<       x  -«  =s 
^2  +  -B  X  sin.  z-\'i  C  sin.  2t  +  &c.  make  «  =  c  an  arc  of  1 80%  and  all  the  terms 

after  Jz  will  become =0  j  hence,  A  —/J^¥£^i_±^ ^,    Now  the  fluent 


Let  therefore  FZ:zzzBXk  arc  of  180%  FW=^Xt  HTB^ 

"^    ,  ano  -^-fv  uic  luuu 


184  ^Rf  tm  smccts  raoducxD  on  rtts  wrnwit  ov  thb  W9uaM/m:mt 

X 

of  f— ^cosTJ       X  i  is  the  area  of  a  curve  whose  ordinate  is  1  —  IT  co^*  *« 
ino.     aad  abscissa 

241.  .... 

1— ^  cos.  «|"^  ^  >  and  JK  the  locus  of  all  the  points  H,  and  the  area  PAHW 

will  be  the  fluent  of  l  -^  cos.  z\  '  x  i,  but  this  we  can  find  only  by  an  ^* 
proximation.  Let  the  abscissa  PZ  be  divided  into  a  great  many  («)  8qiiil 
parts  PQzzQR  zzRSiszST=skc.  ^nd  let  each  of  these  parts  be  called  unity ; 
then  as  the  ordinates  are  supposed  to  be  very  near,  PQ  x  QB^  or  (as  PQs  1) 
QB  r=  area  PAQB  nearly ;  and  thus  RC  =  area  QBCR  nearly ;  SlhmaxeM 
JBCD^  nearly,  &c.  therefore  any  area  PAET^QB  +  RC-hSD^TE  i^euly; 

divide  therefore  c  into  «  =  parts,  and  let  the  successive  values  of  jir  be  -»   — » 


3c 

"^  y     •     •     •     • 


— }  then  will  1  — ^  cos.  x"^         become  1  — ^  cos.  -I        =»  QB  = 


area  PABQ;  1-^cos.^""  = /?C= area  QBCi?i  1-^  cos.  ^"^  »fii> 
sss  area  RCDSj  &c  nearly ;  put  these  quantities  ^H^  I^  K,  X,  lie*  reayapt^ 

ively>  and  the  fluent  of  l  -g  cos.  i\  xi=.£r4-/+J5:  +  I.  +  &c.  nearly.  Now 
let  us  consider  what  is  the  fluent  of  all  the  Az  on  the  same  suppodtion.   As  we 

have  found  the  fluent  of  l-^cos.  ^^  x  i  by  taking  the  succesvte  incfv- 
ments  and  adding  them  together,  we  must  find  the  value  of  the  Aieat  4£Aibk 
the  same  mannen  Now  as  the  increment  of  z  is  called  unity,  the  wMe  mlM 
of  Az  thus  generated  is  ^  x  number  of  these  increments  =:  A»  when  Mmc. 

Now  the  fluent  of  1  — g*  cos.  z)  x  z^  f  Az  (n<^ecting  the  other  terms 
which  vanish  when  «  =  c);  hence,  H-^I^-K  +  L  -f  fcc  =  A^  and  A  = 
jf+/+A:  +  i  +  &c. 

a 

^  J. 

1139.  To  find  the  value  of  B,  multiply  1  — ^  cos.  z) ""  *^  A  +  B  cos.  z  + 

C  cos.  2z  4-  &c,  by  cos.  2  x  i,  and  we  have  1  — ^  cos.  z]  x  cos.  z  x  z  z::  A 
cos.  js  .  i  +  JB  cos.  z\  Z'\-C  cos.  z  .  cos.  2z  .  z-)^  &c.  =  A  cos.  jc  .  i  +  -B  x 
^  +  ^  cos.  2^  X  i  +  &c.  =  v4  X  cos.  z  .  z^-\  Bz'\'^  B  cos.  2j8r  .  i^  +  &c.  Now 
the  fluent  of  ^  Bzh^  Bz^  and  the  fluent  of  all  the  other  terms  will  be  in 
terms  of  sin.  z^  sin.  2z,  sin.  3js,  &c.  and  tlierefore  when  2;  =  c  =  \Wf  they  all 

vanish  ;  hence,  when  z  becomes  Cyf  \—g  cos.  z  x  cos.  z  .  z  ^=  ^  Be; 
therefore  B=  J  ^  S  cos,  z)         x  cos,  z  .  z     If  therefore  any  ordinate /TH 


I      « 

^•^/.  +  -^tt^A-^' rfefecy^ vrtufcreiiiPr /^,'^J«r'i"iV 4tc.  represent i4^^i8C,bfti),     •>' * 
7!£,  &c.  the  values  of  1  — ^  cos.  z\        ^  cos.  I^yj^j^  we  substitute  -if  ^  > 

-qa   IIA    fii  vino  Unil  rii:r>  «r  *<ri»   tnd  ,v  *         i^o-7'»  -  I    lu  14*^*^  j?  O  ?U  lirji. 

.«imih'Wli;'>  'icj  Hj/'-c{   'j^x;    >.•  .♦  w:*>  r>l  ^tt^    .  A  .:'W    .y>V     ^\0  -  D*\     -.: 

:'Miil4V/Buft'tW%fn|f3^rtBpr«W»^  Ahff  ^W  iv4^if ^?(^^?JWljr  itt:ihis 
MUMtrj^l  mK%  P'^fP^  «^M^«*  -\eiy,«eaF»iX  J  •.^Ax.JR  T =are^  ./JGiB  7t ^Wy 
nearly  j  &c.  in  which  case  the  number  pf  such  quantities  =  ^  «.  Now  let  us, 
for  ihitaWcfe,  M^Wi\m^^^,  '6\:  ^et  i  ^'^  \\i€ti  as  'v^^fa!^  assume 
forj|  the  first,  t^fd,"fiftti,  &c.  ordinates,  the  rejspective  values  of  Zj  if  we  take 
fhgkffin'partSi^lf  rf*H^  of  t%b  i^t  a*gleS'i?;  Wfll  be  i^y  p,  tVt, 

^i&fj  i^'i^  ^  Pi  4^' ft  i*p5  +^f>  ijfj  '?  f,  the  cosines  of.  which  we  must  substitute 

for  a  in  i^g  COS.  z^         in  order  to  get  the  first/ third,  fifth,  &c.  ordinates, 

^aii^lftfe  d«fe.-  i  bAn^  negative'  foi*  the  list^ivfe  t«ahic^;^^fHe  *qiirfftk^iV-^i*)s>^ 

^eAom^^fmsHiaei;  t)ut  A?os.i:8  ^  asin.  A  f,  coOo  f ip'sin.  ,^iy^»  iCff?-  .]^  ^i^^/ijH/* 

4«iDi/«ftftTSWie,(|«^f»  awlcoa-iif  s:  sin.  -^ei  wbi^tituting  th^efor?  ifl^ese^ 

instead  of  the  cosines  in  the  value  of  J   (1138)j,  and  ^  «  instead  of  a,  and  we 

iHiU.  i   "jU^A^  jlrtt  .  /■■Ml'    lv-»«^>'?'»  i        1.     i.riiM,  ■     I  ii^*^<M  i>     Vv^-^;: I'Mii^lfS;  ^tU4    *§iu 

xf-^g  COS.  tV  p'        +1-5*  cos.  ,fff fl         +  1 --£;  cos.  -fs^       +  «c- 

This  is  the  other  expression  for  A*  which  Euler  has  ffi&iiiii^hi8^B£cheraies 

des  Inegalith  de  Saturn  et  de  Jupiter^  which  he  says  is  sufficiency  accurate. 

The  jHBnlter«oftbe  quantities  is  oilly  tenff f^gd^f^r^e^j^sitf*  (|oflq^ 

bers.     If  c  be  divided  into  a  greater  number  of  parts,  the  conclusion  will  be 

Wre'accflrifg.*  '  -   '      -^  ''^    •  "''     *      - 

^  ^^^         r^-    >/^".^  ,^    ^^      ..     ■':         ,  • /*'w  ^        .    -- — li  -  :  .  -^1 
,1141.  ^o  obtain  the  value  of  JB,  mstead  of  the  quantity  1  — ^  cpg.  z\      ,  we 

iha^  lU^g<soBi^^  X cos.  z;  substitute  sin:  ^ fer^coB.  z^  as^bdlfoj^,  and'with- 
tinitrlhe  Vinculum  cos.  x  becomes  negatiwe  for  the  Jast-iiatf  o^ithe  tennd ;  hence, 

^^\         -    ■       ^'     ^*'  <•  -    \-  "  .      .\  'famcofM*-  -^  f^-^^V  ,  >  ^  ^ 

*  In  the  case  of  the  first  and  third  satellites  of  Jupiter,  M.  BAiLULhaa.  shown  that  this  does  not 
diflfcr  ii^re  duu»  t)^  2000^  [^f  f|l|ie  w  V 

VOL.  U.  '  B  b 


ISfi  OV  THE  EFFECTS  PRODUCED  OK  THE  MOTIONS  OF  THE  nAVETS  HV 

-i     .„    ,      .-r— r-^-l 


1  —g  COS.  i\i  f'\         X  COS.  i*ff  f  +1— g^COS.  -A  f]  X  COS.  tV  f +  &C* 

—  1  4-  ^  sin,  Vo  fl     "^  X  sin,  -A^  f  —  1  +^  sin.  -i-j  f^     ^  x  sin. -A  f  —  &c.  * 

11 42,  But  there  is  another  method  by  which  we  may  approximate  to  the 
area  of  this  curve,  by  supposing  a  parabolic  curve  y = a  +  6>  +  c's*  +  tta:^  +  &c«. 
to  pass  through  the  extremities  of  any  number  c,  ^,  c,  rf,  e,  ....  Ij  tn^  n^  of 
ordinates,  a:  representing  the  abscissa  and  j/  the  ordinate.  For  instance,  take 
three  ordinates  a,  by  c,  and  the  parabolic  curve  passing  through  tbemis^:=ii^ 
^b'a^  +  ca^^  the  area  of  which,  in  terms  ofa^  by  c,  is  \  a  +  T  6-f- -^  c*=:the  area 
PACR;  for  the  same  reason,  |c4-W  +  j^=area  RCET;  &c.  &c.  haice^ 

the  whdeareax=^a  + JA  +  f  c-f  yrf+l  e I  /+l»n-^n,  that  is,  the  whole 

area:::  J  of  the  sum  of  the  first  and  last  ordinates  +  }  of  the  sum  of  the  alternate 
ordinates,  beginning  at  the  second,  +i  of  the  sum  of  the  alternate  ordinates, 
beginning  at  the  third.    Thus  we  may  find  the  values  of  ^  and  B  from  the 

known  ordinates  of  the  curve.    Multiply  these  values  of -4  and  B  by  r^ 

SFTTv 

and  we  obtain  the  values  of  A'  and  ff. 

1143.  M.  de  la  Grange  has  thus  investigated  the  values  of  the  coefficients. 

Let  F=i*  +r*— 2Jr  cos.  z,  and  suppose 

— .=P  +  Q  COS.  z  +  R  cos.  2«  +  &C. 
Take  the  fluxion,  and  we  have 

?£^il5i£-  Q  sin.  Z  +  2R  sin.  2z  +  &c. 

Multiply  the  first  of  these  by  F,  and  the  second  by  its  equal  &*  +  r*— Sir  cos. 

x^  and 


2sbr  sin.  z 


— yr =:A*  +  r*-26r  cos.  zxQ  sin*  z  +  2R  sm.  az  +  &c.. 


Or,  2sbr  sin.  2r  x  jP  +  Q  cos.  z-i-R  cos.  2z  +  &c. 


—  ^» -l-r*  — 2^  cos.  zxQ  sin.  2  +  2/2  sin.  2^  +  &€. 


*  This  is  proved  in  the  Chapter  upon  Interpolation. 


TBS  rLAMSS  or  THSJE  ORBXTS^  FBOM  THIZE  MUTUAL  ATTRACTIONS.  IBY 

1144.  Now  sin.  z  x  cos.  2;2r=^  sin.  S^  — ^  sin.  Zj  and  cos.  z  x  sin.  2zzz^  sin. 
Sz  + 1^  sin.  z ;  in  the  last  equation  therefore,  substitute  for  sin.  z  x  cos.  2zy  and 
cos.  z  X  sin.  2)^9  these  values,  and  we  get 


^JrxSP— iJxsin.  z  +  icc.z::b*  +r*  x  Q^2brR  x  sin.  z  +  &cc. 

all  the  other  terms  containing  sin.  2z^  sin.  3;^,  &c.   Equating  therefore  the  co-« 
efficients  of  sin.  z^  we  get 


55rx2P-i2  =  6*  +  r*xQ-2ir2J; 


^     ¥Tr^xQ-2shrP 

hence,  /£  = ==~i ■ 

'  2— 5xir 


1145.  Let  -y— -j=F  +  Q'  COS.  «  +  iJ'  cos.  22:  +  &c.     Multiply  the  first  by  T, 
and  the  second  by  i*  +r*— 2Jr  cos.  Zy  and  we  have 


yp-=:6*  +  r*— 26r  cos.  «  xJP ^-Q  cos.  ;i  +  &c. 


But  cos.  z  X  cos.  j2f=:^  +  i  COS.  2z;  hcucc. 


^=6*  +  r*xP'-irQ'  +  &c. 

the  other  terms  being  in  terms  of  sin.  z^  sin.  2Zy  &c.    And  comparipg  this  with 

our  first  assumed  value  of -~,  we  have 

V* 


F^^xP'-hrQfizLP. 

1146.  Next,  multiply  -^=^4-0'  cos.  z-^-R  cos.  2;2?  +  &c.  by  2shr  sin.  x, 
and 

— -= — 1—  =  2shrF  sin.  ;5  +  2slrQ  sin.  z  x  cos.  z  +  25Jri2'  x  sin.  z  x  cos. 


2JS  +  &C.  =  (as  sin.  ;5  x  cos.  2;8;  =  J  sin.  Sj;— J  sin.  z^  2sbrF^sbr  x  R'  x  sin. 

z  +  &c.  2 


188*  OH  THE  EFFECTB  PRODUCED  ON  THE  MOTIONS  OV  TStk  FLAKST8  W 

^   ^  2«Jr  sin  *  ' 

Compare  this  with  the  value  of  — -^ — ■-^—  in  Art.  1143.  and  we  have 

But  there  must  be  the  same  relation  between  P'y  Q^  R\  as  between  P,  Q,  R^ 

only  writing  ^  + 1  instead  of*.  Hence,  (J  144),  R  = === — — ; 

substitute  Uiis  quantity  for  R  in  2shrP' — ^ftriJ' = Q,  and  we  get 


x46rP'-i*  +  r*xQ'=Q. 
1  —5 


From  this  equation,  and  the  above  equation  ft*  -f-r*  x  P'— irQ'=P,we  obtain 


1-5 


i'+r*  X  P—- — -xhrQ 


1— « 


4irP  —  i— r  X  5^+r»  X  Q 
Q'= ^ 5 . 


Knowing  therefore  the  two  first  quantities  P,  Q  in  the  value  of  -L,  we  can 
find  the  two  first  quantities  P',  Q'  in  the  value  of  -  ■  -  ■.  In  Kke  manner*  if 
7;r7-^  :=:P"  -k-Ct  cos.  ;5  +  &c.  we  have 


S^r^x  P  +  — L-xirQ'      • 

J^M  1+5 


i  -r 
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If  we  substitute  in  these  expressions  for  P'  and  Q  their  values  in  terms  of  P 
and  Q,  we  shall  get  P^  and  Ct  in  terms  of  P  and  Q,  Thus  we  get  the  coef- 
ficients of  the  terms  of  the  superior  powers  in  terms  of  the  coefficients  of  those 
of  the  inferior. 

1 147.    Let  ~  ssP  -f  Q  COS.  Z'\-R  cos.  2;^  -f  ^^  cos.  Sz  -f  &c.  to  find  P,  Q,  iJ, 

&c.    If  e  be  a  number  whose  hyperbolic  log.  =  1,  then  e  ««%/^^+  e-***^— ^  = 

■^ — 1 
2  COS.  mz.    Hence,  the  value  of  F,  or  i*  +  r*  —  2br  cos.  x=:b—re  ^ 


b-re  ;    therefore —-= -=s=^ — v  ;     these    two   fee- 

tors  expanded  give  these  two  series. 


«^— 1  ■  ^    Scv'— 1  .       Sftv'— 1 


ji 


5        6»+i  2Ff^  2.  3fr^+  ■*" 


1      sre  s  .  s-hl  .  r^e  ,   s  .s-^l  .s  +  2  .  r^e  .^^ 

U    ^ 1 ; 1-  1 h     &C. 

bs  6'+^  2*+*  2.3b"^^ 


Multiply  these  two  series  together,  and  for  e«^— ^+r-«^— *  put  2  cos.  r,  for 
^2«v/"^4.e— 2»v^— 1  put  2  cos.  2z,  for  e'«v^~4.e— '«v^^  put  2  cos.  3^,&c.  put  also 


a:='S^P  zzs.  -5— >   y  =  — ^ — — -^j- ,  &c.  and  the  product,  or—,  be comcB^ 


Jrx(l+«-^+<+y*g  +  &c.) 


+  ^  x(«J+«^g  +  ^yg  +  &c.)cos. 


&C.  &C.  &C.. 


And  comparing  this  with 


'^  ^^  THIt  EFFECTS  FBODUCED  OM  THE  MOHONS  OF  THE  PLAMB«  m 


^::iP+Q  COS.  Z  +  R  COS.  2z^  ice. 


we  have 


^=^<' +••?+»' ?.+''*?+««•) 


2  X  r 


^=i^(*6  +  '^^  +  ^F-'^'-^ 


As  the  quantity  i*  +  r*  —  2ir  cos.  z  is  also = r — ie'^^*  x  r — fc"^^""',  we  may 
change  r  for  6  and  i  for  r,  ep  bsU)  make  the  greater  of  the  two  enter  into  the 
denominators. 

1 148.  In  the  present  instance,  we  want  to  find  P  and  Q  when  ^=;:7 ;  but  in 
this  case  the  coefficients  a,  |3,  y,  &c.  would  not  be  converging ;  we  will  b^in 
therefore  by  taking  ^=:  —  ^,  which  will  give  the  series  a  sufficient  degree  (rf'con- 
vergency.     Let  us  therefore  compute  P  and  Q  in  the  equation 

— 7  =P  +  Q  cos.  z  +  R  COS.  2z  +  &c. 


from  the  series  expressing  their  values  in  the  last  Article,  writing— i  for  s, 
1 149.  Let  -—  =  P*  +  Q'  COS.  z  +  R'  cos.  2z  +  &c.  then  (1 146) 


^     b*+r*xP  +  3brQ    ^      4fa-P  +  3 x ^ 4-r*x Q 
^-  W^         *^~  JTP* 


1150.  Let  -L = F' + Q"  COS.  «  +  iJ*  cos.  2« + &c.  then  (l  146) 

V* 


Substitute  for  P"  and  Q  their  values  found  above  in  terms  of  P  and  Q,  and  we 
get 
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1 154.  The  value  of  e=/JFV,  the  radius  r  being  unity;  multiply  therefore  the 
above  value  of  F  by  Vy  and  take  the  fluent,  and  we  have 

e=iI/(^(-^6  +  i-fi  Cb)  -COS.  nt;-(fift-D6)  ^  cos.  2ni;  - ( C6  -  £&) 

—  cos.  STW—lDh-^Fb)  — -  cos.  4wt;  ). 
6n  >  '  ^n  J 

1155.  As  r=l,  we  have  r=0,  and  the  value  of  P=D— 2e;  but  the  first 
term  A—h  Bb\xi  the  value  of  D  may  be  omitted,  it  not  being  a  variable  quan- 
tity, and  therefore  cannot  be  concerned  in  producing  any  of  the  irregularities 
of  the  earth's  motion  in  different  parts  of  its  orbit;  hence,  we  here  assume 


\\        w  n  b      n  ' 


COS.  nv 


+  [C-v-- — \  xBb—T-+  ixDb)  cos.  2n& 


+  (D'{'-z — i  X  Ci— -—  +  i  X  Eb)  COS.  Snv 
\  3n  3n  / 


3 

■J 


+  (£+  — -i  xDA-  — +  ixjPA)  COS.  4ni?\ 

1156.  By  observation,  we  have    6  =  0,72348,  w  z=  0,625  ;    hence,  i*  = 

0,52342,  1+6*=  1,52342,  26  =  1,44696;  therefore  1  +  6*  —  26  cos.  j^^" 

1,52342  -  1,44696  COS.  z\  =  A  +  B  COS.  z-^-C  COS.  2z  +  D  COS.  Sz  +  E  cos. 
4z-\'F  COS.  5J2  +  &C.  and  by  the  rules  (1133,  &c.)  we  have  already  given,  we 
find  J=4,999G,  5=8,8861 ;  hence  (1136),  C=7,425,  Z)=6,0368,  i;=4,8572, 

F=3,9281  ;  from  whence  -46-3,6171,  56=6,4289,  C6=5,37 18,  Z)6=4,367, 
£6=3,5143,  jP6=2,8419. 

1157.  Substitute  these  numbers  into  the  above  values  of  e  and  P,  and  we 
have 

e=M  (1,5699  cos.  nt;- 0,8274  cos.  2n't?— 0,4954  cos.  Swt; — 0,305  cos.  4m;) 

VOL.  II.  c  c 
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P:=iM  (1,3598  COS.  rtt?-f  3,6765  cos.  27it;  +  2,584  cos.  3nr+  1,8828  cos.  4nr) 

# 

1158.  Assuming  rf=l,  if  P=a'  cos.  mz-{-U  cos.  n^-h&c.  then  *S— ; . 

m  —  1 

X  cos.  mz  — X  COS.  nx  —  &c.  (1111);  in  this  case,  the  divisors  w*  —  1 ,  v^ 

7i  —  1 

*  —  1,  &c-  become  7i* - 1  =  - 0,609375,  4n*  —  1  =  0,5625,  9;z*-l  =  2,5156, 

16/2*-  1=5,25}    also   a  =z  1,3598,  U  zz  3,6765,  c' =  2,584,    (/' =  1,8828. 

Hence, 
iS:iJlf  (2,2314  COS.  nr— 6,536  COS.  2nr  — 1,027  cos.  3nr— 0,3586  cos.  4nr). 
1159.    The  expression  for  the  correction  of  the  time  is  the  fluent  of — 


2S  -¥  e  X  V i  substituting  therefore  for  S  and  e  their  values  here  found,  we 
have 


—  2iS  +  exv=— J/  (6,0327  COS.  nv.v  —  13,8994  cos.  2nv.v  —  2,5494  cos. 

3nr.v— 1,0822  COS.  4ot.i?). 

Hence,  the  correction  qfthe  time 

t  6,0327   .               13,8994   .      ^  2«5494    . 

'         sin.  m §-^si»-  ^^^  -  ^      -  sin.   Sm? 

1,0222  .      .      V 
— ! _  sin.  4nr.} 

4n  "^ 

=:  —ilf  (9,6475  sin.  ni?— 11,1174  sin.  2nv— 1,3597  sin.  3nv 
-*  0,4069  sin.  ^nv). 

1160.  The  correction  of  the  longitude,  so  far  as  regards  the  disturbing 
forces  (1114),  is  the  above  correction  of  the  time  with  its  sign  changed  ;  sub* 
stitutiog  therefore  the  mean  longitude  x  for  r,  and  putting  f=yM:=the  mean 
longitude  <rf  Ventw — that  of  the  earth,  we  have  the  correction  of  the  mean 
longitude 

=  M  (9,6475  sin.  f- 11,1174  sin.  2/- 1,3597  sin.  3/- 0,4089  sin.  4/). 

Now  (1067)  the  mass  of  the  sun  being  to  that  of  Venus  as  333928  :  0,88998, 
we  have  iW=^5m|^= 0*000002665  J  substitute  therefore  this  vakie  for  M, 
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this,  the  mean  velocity  of  the  planet.    Now  since  r  =  1  considered  as  the  mean 
radius,  and  that  the  mean   force  in  the  direction  of  the  radius  is    (Art. 

C       T        97*'       2257'^  *1 
1118.)   M  I — -73 ^-1- — —    ,  this  quantity  will  express  the  square  of 

the  mean  velocity.     Hence,  the  square  of  the  velocity  of  the  inferior  pla- 


net =   M 


f       r         9r' 


225r* 
26*       166^  '    64^ 


—  n 


+  n  fl^-f  f-^;i  COS.  2.  4-  n  r^,  4-  ^n  COS.  3.  + 

L2£;*      84^  L4A*        6460 


^^r^  ^^o  >#     .    63r*n 
COS.  4s  + 


32^ 


646* 


,  considering  rr:  1. 


For  the  retardation  of  a  superior  planet  by  the  action  of  an  inferior,  we  have 

r          3r* 
(putting  6=1)  the  force  acting  in  the  direction  of  the  radius  =  J/  i  1  + + 

L         ^ 


45r*      cos 


-n'^--v] 


COS.    Z    + 


+ COS.  2z  + 

4  16    J 


5r» 


Sz. 


64  r*  L  2 

and  the  square  of  the  velocity  perpendicular  to  the  radius 

3r* 


iuszrM 


1   + 


cos. 


3r' 


.  45r* 

4- n 


64 


3r*       ISr*'^  .^       ^  ax 

u  2  32  J  ^  "^ 


cos.  z^n 


+  —     cos.  2z  — 
2  8  J 


5wr* 


cos.    3z. 


,  where  the  difference  of  the  motions  :  motion  of  the  superior 


::  1  :  n. 


The  terms  where  cos.  z^  cos.  2Z9  Sec.  enter,  give  the  inequalities  of  the  pla- 
net's motion  from  the  cause  here  considered.  And  dividing  them  by  the  ra- 
dius vector,  we  get  the  angular  irregularities. 

If  we  divide  this  quantity  by  the  force  before  found,  we  shall  get  the  radius 
of  curvature  of  the  orbit  at  -E,  which  will  appear  to  be  nearly  as  cos.  2z.  But 
as  this  property  belongs  to  the  ellipse  (882),  if  the  superior  planet  should  re- 
main stationary,  it  would  describe  an  ellipse  (fig.  203)  about  E  the  inferior 
planet,  the  minor  axis  of  which  passes  through  tlie  superior  ;  but  if  the  superior 
planet  be  considered  as  revolving  about  the  sun,  the  same  ellipse  Ca  would  be 
described  in  a  moveable  plane  about  £,  by  taking  CEr  :  CE^ ::  difference  of 
the  angular  motions  :  the  angular  motion  of  the  inferior  planet,  and  Cs:=Cr. 
For  the  action  of  a  superior  on  the  inferior,  the  same  takes  place  with  this 
difference,  that  the  major  axis  is  directed  to  the  inferior  planet.  See  Art. 
885.  7 
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term  in  tlic  first  part  of  Dy   is  --r^;  hence,  11^49  andl^=:-^,andiits 

^  46*  ft*     lift* 

;  the  second  term  is  -— ^;  hence,  n=6,  and-4^=';rr7K»  ^^d  m  = — L. 

'  64ft^  ft^       64ft^  32 

Ilcnce,    for  tlie  first  term,  ^n — ^  .mzz^m  s-v^J    ^^^  *^^  second  term, 

^71-.^  .  mswir:^-^;  therefore  the  motion  of  the  apsides =Jf  f— +  *^1 

X  SGOr^rnf.  6*  in  every  revolution  of  Saturn.     In  like  manner,  the  motion  of 
the  aphelion  of  the  earth  from  the  action  of  Jupiter  is  found  =  13*  yearly. 
And  as  (Art,  854.)  the  motion  of  the  aphelia  of  the  inferior  planets  in  the 
same  time  are  as  tlie  periodic  times,  the  annual  motion  of  the  aphelion  of  Mars 

is  25".  5'"  i  of  Venus  8" ;  of  Mercury  3\ 

Hence  also  we  may  find  the  motion  of  the  aphelia  of  orbits  arising  from  the 
attraction  of  an  oblate  spheroid,  the  attraction  to  which  is  ^^^  +  ^^.    + 

¥^^^^  /  ;  and  neglecting  the  4th  term  as  very  small  in  respect  to  the 

3d,  and  the  2d  as  being  small  in  respect  to  the  first,  the  attraction  =  H£i  + 

3a* 

I^^£^,  and  the  last  term  is  the  force  arising  from  the  spheroidical  form  of  the 


body,  and  therefore  r  =  4  ;  also,  J^  =  attraction  to  the  sphere,  or  gravity  j 

oCl 

hence,  l  :  iw  ::H£^  :  ?££!*,  and  m  =^.    Now  for  Jupiter,  c=l,  i=-^„ 

Sa         5a^  oa 

and  c  :  a\\\  :  25  for  the  fourth  satellite;  hence,  the  motion  of  theapside  (from 
this  cause)  for  every  revolution  of  the  satellite,  is=  l',595,  or  35'  for  every  re- 
Volution  of  Jupiter.  And  as  this  motion  of  the  aphelia  vary  in  tlie  inverse 
square  of  the  distance  from  Jupiter,  in  the  first  satellite  where  c  i  awl  :  5,25, 
the  motion  of  the  apside  in  one  revolution  is  3€l. 


On  tJie  MoUon  of  the  Moon*s  Apogee. 

1163.  The  action  of  one  planet  upon  another  to  disturb  its  motion  about  the 
sun,  is  similar  to  the  action  of  the  sun  upon  the  moon  to  disturb  its  motion 
about  the  earth.  The  general  equation  of  the  curve  therefore  which  the  dis- 
turbed planet  describes,  may  represent  that  which  the  moon  describes  about 
the  earth,  and  thence  the  irr^ularities  of  tlie  moon's  motion  may  be  investi* 
gated.    But  on  account  of  tlie  length  of  the  sul^ect,  we  cannot  here  give  an 
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investigation  of  all  the  lunar  inequalities  j  we  propose  however  to  show  how 
the  motion  of  the  moon's  apogee  may  be  found  ;  and  that  being  understood, 
together  with  the  method  of  deducing  the  equations  of  the  motions  of  the 
planets,  the  reader  will  be  prepared  to  enter  upon  any  further  researches  of  this 
kind. 

1164.  Let  E  represent  the  earth,  M  the  moon,  S  the  sun,  and  at  ^  the      fig. 
higher  apside,  let  the  moon  be  in  conjunction  with  the  sun  at  B  ;  put  the  mean     ^^^* 
distance  of  the  moon  from  the  earth  =  1,  d=the  semi-parameter,  rzzEM^  ES 
=  6,  MS=Sj  w=the  excentricity  of  the  moon^s  orbit,  v—AEM^xzzBES^z^ 
SEM.    Now  (1118) 

J^^-j^, ^-JT-     TTj   COS.  %. 

L    ^*  b  J 

But  MS  ^  b"^-^  r^  -^  Qbr  cos.  z]  ^  =  (as  r  is  very  small  in  respect  to  b)  bx 

I  -  r  cos.  Zj  and  4  =  ~= ^  3  =  rr  x  1  +  ?•  ^^s-  ^'      Hence, 

b  s^     MS^     1.     .     r  6  b 

6^  X  1  -  7-  COS.  z. 

b 

D=  -jj jj-  X  COS.  z*j  neglecting  that  term  where  t*  enters  into  the  deno- 
minator, as  being  extremely  small  when  compared  with  the  rest.    Also,  F=:  — 

^^  X  coSt  z  X  sin*  z:  but  cos.  ;5*  5:  i  -  i  cos.  2z  ;  and  cos.  z  x  sin.  * =^  sin.  2z  ; 
b^ 

hence, 

2)= -i^-i^  COS.  2;?. 

b^  i* 

Butir=/':^'i'=/'^  Cbeingassumedslj  and  P=jDr' +£l-  2e;  sub- 
I     a*     J    p  ■  V 

stituting  therefore  for  JP  and  2?  their  above  values,  and  putting;  a;=f^,  we 
obtain 
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^j^    -e    j^c*  .T  :£3.  i^»  "^'^o*-  2jr,  we  may  consider  2s  as 
,      ^^    -_  ^iz.— i-»   S.1-  «T-2A'sin,  2wr;  hence,  by  Trigo- 


-•    ir=:siL  —  *  •^"^^  \r^  ^^^'  ^^^  ■*■  26  sin.  2mr)  —  cos. 


.  ^  ^j,  £*r    •  bu;  as  a  and  6'  arc  small,  we  may  consL 

^  :.  -SI '  -i^  equal  to  unity,  and  sin.  (2a  x  sin.  mv  + 
^  ^  1  /  sj^  Ctcj  and  substituting  for  the  two  products 
. ,   ,-.  r'  rjrms  of  half  the  sine  of  their  sum  —  half  the 


^    ...   --  ^  J  sin.  -  — fw  .  r— a'sin—  -f7»  •  ^;^- 
^  .    -    -  ^■'*   4  n  n 

,  ^-,   Z^7n  .  V  —  i'  sin.  -  -f  2w  .  r. 
'     n  n 

>.  r  .^^  — *^  ^^^'  (^^'  ^^"^  '^^^"^  2i'^sin.  2wt?)  4-  sin*  _  x 

,- .  s ---. -■''^0  >   assuming  therefore  the  same  cosine  =1  as 

•t'l:.  f^  ti>r  the  products  of  the  two  sines,  their  values  in 

^*   .•sic  -*-'  their  difference  -  half  the  cosine  of  their  sum,   we 


•*..  2  2 

vY^  "'  +  d  cos.  ~  —  m  .  V  —  d  cos.  — vnx  .v 
^       H  n  n 


2  2  4- 

r  h  COS.  --2w  .  0  — i'  COS.  -      2w .  V. 

^*  V rj    IS—  -—  -  — -  cos.  mv COS.   2mvj  which  is 

,  ^^^t:^ut«Ung  the  value  of  P. 

•  tvHUul  the  values  of—  and  of  sin.  2z,we  have  e=  —  -  "*    /— ^ 

-  *?.   -  /  ("y'  +  4r J'  cos.  my  -f  5w*  cos.  2mi;)   x  (sin.  —  -f  a'  sin. 
^  ^        •         ^pj  n 


2 


..  *-^  +m .  t'  +  ^'  sin. 2m.v  —  b'  sin.  -  +  2m  .  r)  x  r.     Now 

-     ^  •••  ,,"  ^  W  7i 

N  •  »ivnor;iI  multiplier ,  and  actually  multiplying  the  other 
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is.2.  +  2m  .  v:  hesce,  —  cos.  22= Sax  (  ( d-i-S^ co%. 


-m.v  —  d  cos.~+m  .v  +  b  cos. 


.  2  +  SfM  .  D  )  j  i  now  if  we  multiply  these  together,  and 

3  terms  which  are  of  the  same  species  as  those  which  we  be- 
glecting  some  terms  of  the  same  species  whose  coefficients  are 
.  3V  , 


^  COS.  23  = 


.  +  a'd  cos. m.v  —  «'<£  . 


2v^ 


.  2u 


f  cos.  ms  X  COS.  —  +  3»*  COS.  2mv  x  cos.  —  +  Seld  cos.  mv  x  cos- 
n  n 

t-  ab'  COS.  -  —  2m  .  v;  but 


2» 


3S'  COS.  mv  X  COS.  — =*  ^  C^^os.   —  m.p  +  cos.  -  +wi .  w) 


3ai*cos.  2ffWxcos.-  _3:i  TO   ^c( 


.  w  +  cos.  —  +  2m  .  w) 


?H1: 


se'rf  cos.  WW  X  cos.  t  -m  .  w=^  g'<£  (cos.  --  2j»  .  »+  cos.  — 
n  ^       n  nj 


putting  therefore  «■=?«',  p=T0'  +  |  a'd,  <f=.%0—%  old^  tz:J  i»'i'  +  |  ^rf +5a»%  we 
have  (neglectii^  the  last  term  on  account  of  its  smallness) 


__C08.  2X  = 


— «  eos.  —  +nt .  D— rncos.  — 2m  .v 


1 1ff*.  Having  found  the  vidues  of  all  the  terms  which  compose  the  quantity 
P»  let  us  add  them  together,  and  collect  the  coefficients  of  the  like  terms ;  and 


OS  TBB  EHBcn  fuuccED  ON  iHB  Manom  or  Tax  ruKRfr  or 
Z.=  ^— -,  wehave 

P=Z«-£«cos.aRr-^«cos. £«  cos.  ^  -m-  » 


— C»  cos._  +ni .  t;  +  Z)«  cos, 2m  .  u. 


1175.  Substitute  this  value  of  P  in  the  general  equation  of  the  curve  in  Art. 
1 1  la  and  (dividing  by  p)  we  get 

-— -(  C~- ~^  +  2 — n  +  «C'  )C03.  V 


p  X  -,  —  1 


— —      ^— .  xcos.  -  — m.»  +  — — ^    ■  ■- 

2  1  2 

^xl— -"""*  jpx-+n»— 1 


xcos.  -  +»!•«' 


<  cos.  -  —  2m .  p. 


//(f  Equation  of  tfie  Lunar  Or^L    Make  1+X«=j,  *»= ===,  c— r— ^ 

'  "  j»x  I  — m  * — "* 

^  .._^— &c.=:(V  where  </,  p,  c,  r,  m,  have  such  valuei  as  will  saUsfy  these 


A^d  B^  C^d 

«qiiations ;  put  also  p  = ^=,  /  =  g ^'   *"'  = '"^^  * 


>x-5— ^  j,xl___in  j)x-  +  wi— 1 

••— -,  fi  n 
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-^j  and  the  equation  becomes  -  =  1 — w  cos.  mv  -^p  cos.  — — 


«x  1—     —  2m 


2  2  2^ 

^'  cos.  -  — m  .  t?  -f  r  COS.  -  +  m .  t;  +  «'  cos.  -  —  2ni .  «;•    Now  -  =  1  —  tt?  cos.  im; 
n  ,  n  n  r 

expresses  (1112)  the  curve  described  by  a  moveable  ellipse,  and  the  other 
terms  being  small  compared  with  these,  first  find  the  value  of  r  from  this  equa- 
tion, and  substituting  it  into  the  value  of  P,  a  second  equation  is  found,  ap- 
proximating more  nearly  to  the  truth  ;  thus  (were  we  to  proceed  in  the  theory 
of  the  moon)  we  might  correct  the  equation  of  the  curve,  or  the  equation 
which  gives  the  relation  between  the  distance  and  the  angle  described.  But 
we  here  propose  only  to  show  the  method  of  finding  the  mean  motion  of  the 
apogee. 

1176.  Now  -.=  !—.»?  cos.  mv  are  the  principal  terms.of  the  equation,  and 

r 

(1112)  denote  a  moveable  ellipse,  containing  the  great  equation  of  the  moon's 
motion,  that  is,  the  equation  of  the  center ;  also  the  motion  of  the  apogee. 
And  as  this  equation  does  not  depend  upon  the  situation  of  the  sun,  the  mo- 
tion of  the  apogee  which  is  denoted  by  it,  may  be  considered  as  the  mean  ef- 
fect of  the  disturbing  force.  This  motion  of  the  apogee  is  constantly  progres- 
sive, and  (1112)  is  in  proportion  to  the  motion  of  the  body  as  1  —  w  to  1 ;  if 
therefore  1  represent  the  mean  motion  of  the  moon,  the  mean  motion  of  the 
apogee  will  be  represented  by  1  —  w.  The  other  terms  are  small,  and  depend- 
ing on  the  position  of  the  sun  in  respect  to  the  moon,  tliey  will  produce  some 
of  the  smaller  equations  of  the  moon's  motion,  and  the  equations  of  the  motion 

of  the  apogee.    Hence,  we  may  consider  -  =  1  —  a?  cos.  mv  as  an  equation  re- 

r 

presenting  the  basis  of  the  lunar  orbit 

1177.  By  observation,  tt?= 0,05505  the  mean  eccentricity  of  the  moon^s  or- 
bit, according  to  Sir  I.  Newton.     Also,  1  —  -  :  1 : :  0,0748  :  1 ,  or  1  —  -  =: 

n  n 

6,0748.  And  if|y=fthe  periodic  time  of  thd  moon,  P=that  of  the  earth,  we 
have  (818)jp*  :  P*::-.  :  — ,  setting  aside  the  effect  of  the  disturbing  forces; 

hence,  ^  =  .^=«,  and  a  f^^l  =0,005595  very  nearly. 

-  1178.'  The  equation  c-^ — ---^4.-—-^  — ;-       ;  +  &c.  =0,  would  (as  £, 

--  — 1     1 —  -  — wi 
*■*  n  n 

Bf  &c.  arein  terms  of  w)  give  the  relation  between  c  and  Wy  from  which 


wc  Uitl  ttic  ratio  <jf  the  excentricity  of  the  orbit  which  would  hajs^  been 

MTii^i  witT>o.i*«iry  hi;fiul^(%l^c^  Wl'^s&e^  ^tt?%ai'<«wf 

fiM  /;  v.nUtrn  lutt  inU}  any  future  part  of  the  process,  it  is  iiiiii< 
tnifii?  llial  point. 

fiiiuiitiiv  entcriiiir  inU>  the  values  ofp,  q,  r,  t.  c 

fSEecLOs 

iniporaiioe 

■I'D     111)   oi  ;^iiiiji<>o3f^  *tvmMX>.Os  HI—  I   >(lllI9upMII09  ,88(800^0 

.  ill  the  Otwfy  oii'liiw  «m»nio qfcifr<>'%>i|o4iy9it^<W%iftMriHferfflb*e%J^^^ 
(•U4tf)  Ui«,M)^pmM('i^i<j  f|i(><ft»«OU,0  to  ittti  !mI  oj  )rfsuo  oitn  mU  «»imIv 

^  «  mill  tNl'^'yrtiWlh  Mr\  th^-tiqitiittbnfMvtJM^eiddtfiiiMklk^iiSVsf^^ 

^i;«),<>.1.W,  r'  '  l,(»K'JlVxi>'=«.<>.W7.  w\f=A00303,  4  =  0,00824,  y=0,00017, 

1 1  Mtf.  Thr  t'ooAloieutn  a,  k,  c,  d,  as  tlicy  are  expressed  in  terms  of  ^,  caiftl^ 

be  known  till  iiAor  the  resolution  of  tlio  equation  1  +X«=rZ,  in  whicn  jC  it- 

d 


•..ft'  '    ■  •    -  i 


correct  it,;.iHi«aBv:wl3fei#j}«j=lfi^5^,  b  =5QAl)P,'te Sins^^^j^ 5i0»9?»l>, 
and  p  =  1,001  J    consequently  A  =  3,1595,  B  =  0,5172,  C=  0,2627,  £>>*: 


i» 


^4^  e,^lAoi9iM»^«9^tb(£  qi^t^iea 


consequcqUv  tW§  get 'A*  more  correct  ^alue  of  ^  =  3,1557,  -S=0,5162,  C= 
0,2624,  ^b^bX^08:  ^Ttence' p'±t^lW,  f^A'f^3'/'^'^<Xf9^^ 
0,00097,  of  which  values,  q'  and  *'  a^lhose  where  the  substitution^ of  ^.,fbr 


TttB  nMmU  09  TBEIS  OWITS,  VBOX  TBEIR  MUTUAL  ATTRACTIONS.  S09 


HI  causes  the  greatest  error,  on  account  of  the  divisors  l m    and  l 


?-  2m* 


1183.  From  the  equation  w  =: ==»?  we  get  1  —  m*  =  :=!?;  no\r  J? 

px  I  — wi  «^ 

aO^OSSSy  and   -  x  a  =  0,9917  x  0,005595  =:  0,00555 ;  therefore  1  —  m*  =r 

0,008388,  consequently  1  —in  =:  0,004186.  According  to  this  conclusion 
therefore,  the  mean  motion  of  the  apogee  :  that  of  the  moon:: 0,004186  :  l, 
whereas  the  ratio  ought  to  be  that  of  0^008455  :  1 ;  this  conclusion  therefore 
gives  the  motion  of  the  apc^ee  only  about  one  half  of  what  it  ought  to  be 
according  to  observation.  We  must  therefore  see  whether  we  have  not  omitted 
any  terms,  which,  in  the  present  case,  may  have  been  too  considerable  to  be 
neglected^ 

1184.  In  substitutinK  the  value  of  -  into  e,  into  — pr-r  x  sin.   22.  and  into^ 
-^  X  COS.  2z,  we  assumed  it  equal  to  1  — ttr  cos.  mv  (1166)  j  whereas,  if  we 


assume —  r:  l— a^cos^.iwr+p'^cos. y'  cos.  — m  •  v  +  &c.  (1175),  the 

r  n  n 

introduction  of  these  terms  p'  cos.  —  -  j  cos. m  .  v  +  &c,  will  be  found  to 

have  a  very  considerable  effect  in  the  value  of  i  /^,  or  of  Ej  and  consequently  of 
1  —  m.     Now  that  term  which  will  produce  any  considerable  effect  on  JS  is 

Q  ^3        f*^  9*  #*  1  •     *         1        *   t-       *         2t^ 

—  ?'  cos. m  .  i;  in  the  terms  -, ,   -  and  —  >  when  jomed  with  sm.  — ,  cos. 

n  d^    d^  V  ^ 

^  in  the  values  of  sin.  2z,  cos.  2z.    We  will  take  each  case  separately. 
n 

1185.  Assume  £  =  l— «tf^cos.  mo-^d  cos.  ?  — m  .  v ;.  hence,  -2  =  1— 4a?  cos^. 


»ff;-4^'  COS.  ?-«  .  u,  therefore  L  =  l  +4w  cos.  wii;  +  4j'  cos.  -  -  wi .  r/.  the 


two  first  terms  we  have  already  considered  \  we  have  therefore  to-  assume 


fit* 


=;4a'  cm.  ^  —  m  ..  &,  and  taking  only  the  first  term,  sin.  Jl^,.in  the  value  of  sin.^ 
n  n 

,         r*       .  •         I  2  •     2i;      •       ^  I   • 

tsy  we  have  —  x  sn..  2;r  x  v=49  cos. .. »—  m  •  v  x  sul  _  x  v  =  2^  sm.  mv  .x  4r 

rf*  n  w 

vojL.  n.  E.  e 


Qj  »    ^K    rvcr*^  immwas^  x  xhc  moxiqub  ov  the  planets  m^T 


. » 


ft: !«.         «r     r-  -r 


:iji. 


Gem  f'9mfty  omiUiit  not  being  of  the  species 

:x««./=^ A^  sin.  wli?  X  «:  =  ?f!^   COS.  7wy;'thc 

Pj  pm 


■      ■    I  ■ 

^    ^  .^   it.Tfti^r  .1  — i  ia  the  value  of  P  is  — -; — i  cos.  mv. 


-<.     '    3w   :^ -XT.  ia  axe  quantity  ^  we  get  tlie  t^m  3  ^'  cos.  -  —  »i  .  v 

tt*  -  ^  ft     ' 

^  .    ..-   !.•   v-:v  -.«^kml;  and  taking  only  the  first  term,  cos.  — ,  in  the 

n 

•^    r:^  m.^  ha« -- xcos.  2x;;=3y'cos. — m  •  5:;xcos.  2?=i*Vcos. 

(T  n  »         ' 

,.^  *  -  a  » ;\  which  last  term  we  omit,  as  not  being  of  the  species 

3^r' 
w  iv^  ^^  N>'c  %:«::>  hcuce,  we  assume  - -^  cos.  2^  =  5  aj'  cos.  mw,  which  is 

^  -V  -v^f  x'^^  cos.  2z  in  the  value  of  P. 

V;^i.r>  Assuming  (/=  1,  in  the  quantity  r^  we  introduce  the  term  Sq 

^         .*     :.  thorofore  — :-  = mxq  sin.  -  —  ;w  .  i;;    hence,   we    assume 

V      n  n 


.  ^ ''.  X  • -m  X  sin m  .  v;  and  taking  only  the  first  term,  sin.  — ,   in 

,  3arV        .        ^^       Sag'       2  .         2 

\     mI;c  a  ^n.  2^,  we  have  — -^  x  sm.  2z=i  — ^x m  x  sin.   —  9n  .vx 


>*  ■ 


**  V  —— ;;« x  cos.  wi; ^  x mx  cos.  -  —  m  .    v,  which  last 

4       M  4        w  ;j 

» ^  .^r::,as  not  being  of  the  species  we  here  want  j  hence,  we  assume  JUJl 

••*•  -  ?f£  X  -  —  m  X  COS.  viVj  which  is  the  correction  of  -^^  x  sin.   2z 
^  ^       •        4       71  2d^v 

^c  \alue  of  p. 

-  •  <s   The  three  corrections  therefore  which  P  receives  make  —  (~   .  +  1—4 
^pm  ^ 

^  ^^  ^m)ag'  COS.  mv;  but  in  the  value  of  P  before,  this  term  was  — J  ad^  cos. 
«^  •  and  we  put  £  =  i  ^  J  we  must  now  therefore  put  Ezziff  +  (—  +  I  —  i  x 


OW  THE  TIDES.  SIS 

1 191.  Let  PEpD  he  Uie  earth  at  rest  witbout  any  rotation  about  its  axis,  S     ^^o. 
a  body  at  rest  attracting  it  j  draw  SEODy  and  Pp  perpendicular  to  it  j  then,     243. 
by  the  attraction  of  5',  thpieartbyin)!  nut  qo  t|i«  foon  of  a  spheroid,  whose  mi- 
nor axis  is  Fp,  and  major  ^D.    Let  P  be  trfes  aftfaction  of  the  spheroid  at  P, 
E  its  attraction  at  -E,  independent  of  tlie  disturbing  force  of  S;  then  (975) 

l-.lUn    Jill    AH        nn  ^ 

tile  attraction  of  M  in  the  direction  MR  is  P  x  ^,  and  in  the  du%ction  MQ 

■■%«  » li'^i'uemw^imiitft&'slms^i^eseswmkA^f^i  p,  and 

»..that,.HPflfl'AerB»in*iB>-'r*eit,(i»iS>)i»tl»ii«U»iti([ia»/Sw««A'arie»as,»lipdi«. 
«ftee'*fM«V  OJ-'Pt*  .'>*»::'»){  :'«rfV^'B*'«lMffltitiiiS"fW((e'H;  jlf;  Milce, 

tUilOllDlii     1..;/.  .'(!,!•    /■:■'.<■'      I    II.     tyjCA^'io    ZdH'jl    hue  XUit    j,   -I  ■       ■  '■ 

9»vMX,'t)f'Ct&i'1-\miW.I:  '*i,^^i{ha(ida«tS(Stis'fc»*ei<lt'>!»/  in  the 

Juoda  lani  ,.ii»  ,-  ,\M  .-  "  ',1   .fcVf  -..iiv'l  PPpiui  i  oill  M  w.oii-  ..■    ,ji-v-.}U    •■ 

!4lilwtlbtiJ«ii;iid9^  «<i)  t  <M#:i*  i*>(^^'thrtafetitiBHM8i'eAt!*//'hence, 

Irt^ut't   ..(    11  H.I!-  ,/ir-     .;•   '  ..■■-l''      flWdfll  r)(!l  oj  .^fiiwd  ^li'/  lioi".i!i-..i-'    • 

■dM>'J'J»»e(iW-W«!'»?«kfi^.<*'»fl£'«l»>»d4M(S8us'«>l«8  iKiiWWhiflikieta 

hi  th^afrecCtM^  JUKI,-  aieRfore' !(»«;)  ^«!>t<£S»fi4n  VMS  discmbltt|'  ftv^oii 

V'.ii'  Tf.ih   ,'ii;'jqi(i:  "  .-'ii  .'  .  i;;    'li.'i'i  *1.T1  ',11    ''lAi'.t/  ^I'li'ji/r'.-il.i  I'i'ij'    - 

)W'fyi''^l«fiSflPiVfr*w*e#pptw«i(A,,,ifJefl^,fh^,wjii<)|[9^95Qe,p^ 

«c-aikttio«'J«}'  ii  ■S':^?^ it  fl^,  4hB  irt  Hie'ffiiSteowljlW  KWFFw'ii  ^  s 

.-rioi'l  l-O'loi',  gd  p'M.-Mii  ..  !  ^P  ■  .■■.iT'i.r  "li*  tin!  ,  iiii^.  „:,i  'i.fi/(j;  Hurf^Mi 
flfi(>f'W,fiC9,^"'ffPS>'=.,«B'!'?.™'»l,.by  JW^-,,^^,,  ^|)d .(^ijjDJete  l^c^fsjalj^lo- 
.Wm,M':ifkimM9^'^<i  jVjto.C^  theB^^,  <^!^,fil^,  ^,^j;^fJiy,,:,Rfl^,,th« 

■i*,''P>f&i^  fi^ '.' i^araS x'2^':':  QlOiffi  *ioe  (>)T!^ :  a*»i w  *if» .-  ®- 
-'""'  'iiJ^'  '!K?-  ■'.'I"-'''    "^''J .1,1 4nlt.oi  '."iliTOJ-"- Jiicl  .jfi.xiifi  .,ii  't  ,-.ji 


.ciii.'§itl  W  fltfjtf?^ifc '^WP?'"*'  '''•''  ''"'  iulJititious/.ircc  of  the  sun  on  apajr- 
MfitShM  rt'rf/(^S'AF?,n,'''^'  '"'•"  "''  »'■"''>■  »'  t'"-'  ^■»'''''''  ""f"™  ■'■'^^ 
^flWSflSmffiffi"Jtfi>!'ifflf  .»'■  ^  '■"''y  '"oKjilg  ^11  (lie  ciutlrs  surface  :  the 
ISW(tJ5  9f*5liWfctra«,4*,'l":  earth  :;  1,:  38604GOO  =  t.',  ami  this  (without 

ttft^iw!^  'Wf^%-'fWa'<i?r^  fits'  as  a  spli^rp,  aufl  thgi  mil^-  disturbed  by  tlie 

JiH-S^rf  ;pl,*»j(ite,»i.255?i  "^  *rt*  rfi.  lience(,.)j}j,;iHSj«utipg,  ii(,  thplast  Ar- 
»loloy«iii)HiHI»xbiwj*)rf*!a*Miti  li'Mt>:'il«'nad/>ib}laegleeti'>g(ith«t«{ms 


J  5 

z'f^z  f.T^ilness,  we  get  d= 


♦a.'  —  10 


« 


■^   *•'-        ^  the  part  of  the 


-    »5* 

-to. 


'-'       102y4J(>0 


*>    »•«. 


^   V. 


*\  -^^ 


^-^-  ;:t  ...fkT.r..-^  of  the  two  seniidiameters;  hence, 

^.,     V  -  2x^^  ^/z=  2,033  feet  for  the  effect  of  the 

.     .  ■  .^    :.*:e  effect  of  the  sun  is   to  that  of  the 

.   -  ,   i.i.r.:oters  and  densities  conjointly  j  and  if 

• .  •  .::can  semidiamcters  to  be  32'.  12'  and  31'. 

^    ^       :,v^^*l;  and  (1038)  the  densities  are  as  1  : 

_**     :,kV*'  :  5,412  leet,   the  height  to  which  the 

^'- .  •  therelbre  the  sun  and  moon  arc  in  conjunc- 

^  ;  .-*.<  !>.ey  both  tend  to  raise  the  tides  in  the  same 

.    .  lo  7,44.3  feet.     Thus  we  have  determined  the 

.  ^  .:  of  die  tides,  upon  the  supposition  of  an  equi- 

v.><\i  that  tlic  earth  was  a  sphere  and  not  a  splieroid, 
.  >-A  roid  and  the  sun  in  the  equator,  then  the  mean 
.^  iuive  assumed  will  be  to  the  radius  at  the  equator 
k  :  4i)J.     Now  as  the  addititious  force  varies  as  the 
o.i  :«t  the  equator  in  the  ratio  of  4()4  :  4n.> ;  also,   as 
i.uwV  varies  inversely  as  the  distance  (i^Sl),  the  gra- 
•  :!io  same  ratio  ;   hence,  the  ratio  oi*  aravitv  \c  to  the 
-V  drniinished  in  the  ratio  of  46,3*  :  464%  consequently  d 
^    lutio  of  464*  :  46.3*.     But  U',  in  this  cas(»,  instead  of 
c-*?*  n»  the  ratio  of  the  radius  at  the  mean  distance  to   PO, 
CO,  (/  will  be  increased  in  the  ratio  of  464^  :  46J». 
V ..  .    vie  supposed,  that  the  high  tide  was  under  the  luminary, 
.  .  general  equihbrium  of  tlie  waters;  but  the  high  tide  is  at 
0  luminary,  and  the  waters  rise  and  fall  by  a  reciproca- 
,,    rv»tion  of  the  waters  in  the  oj)cn  seas  is  hindered  by  shallow 
,    %;.uuls  ;    in  consequence  of  which,  the  tides  in  some  of  the 
•c    !!u*  of  the  conjunction  of  the  hiininaries,  are  found  to  rise 
.^  ^^.>.  v>f  about  three  feet.     Thus  the  theory  idone  will  afford  no 
Mv^u'i.     We  shall  now  therefore  proceed  to  explain,  as  briefly  as 
\.  P.   ni:RN0ULLi  has  written  upon  this  subject,  as,  by  corrcct- 
M  v>bscrvation,  he  has  been  enabled  to  deduce  practical  rules  for 
.v>  atul  height  of  the  high  tides. 

d  be  the  surface  of  the  earth  undisturbed  by  the  sun  or  moon, 
/  l»c  a  sphere,  EPQp  the  spheroidical  figure  arising  from  the 


ON  THE  TIDE«*  US 

tides.    Let  OMzz  u  JP^=:.if^.r^,^=r^^.;^^,ijf  l49ff&Ci  thefltth^  content  of, the 
sphere  =:    ^  x  1 S  and  the  content  of  the  spheroid = ^  x  1  +  r  x  1  — **  =  -^  x 

..3  3  S,      • 

1  +  r  —  25,  neglecting  t!i^  terms  where  /  gnters  on  account  of  llieir  stnaUness ; 

...  .V.I,  •  »      -  .        ■ 

hence,  -^x|l*2;;l*^x  l  ft^r-^^a^t  therefore  Hszt^i  ot^Pg:siEb^    Hence,  the 

altitude  of  tlie  high  tide  above  the  lejvel  o^  the  water  if  tl?er6  had  been  no  tide, 
is  double  of  the  depression  of  the  low  tide  below ;  therefore  the  middle  between 
the  highest  and  feWk'' tides  is  not  the  height  of  the  sea  if  it  were  undisturbed. 
1 196.  Draw  K)zVj  and  tt?;^  perpendicular  tp  Q^ ;  then, as  we  may  consider  the 
angle  itw  a  rig'ht  one,  the  triangles  zvw^  xyO  will  be  similar,  therefore  zO  :  zy 

::^iji*:^v==^5WiX^.  Let  Oy  =5,  Chczzb^  then  %y^^ir^\  and  xiOE^ 
OPd^fri;  then  (1195)   bE  =  im,  and  Pg=^  m  ;  and  by  the  property  of  the  eV 

lipse,^a;  =  ^,  x^£yxyQ  =  y:j:|^x  v/A  +  ^wi-^x  A  +  f  w  + *  =t:  (by  divid- 
ing J- 1^  m  by  ft +*wi  and  extracting  the  root  of  the  quantity  uijder  the  radi* 
cal  sign,  bmitting  the  terms  where  the  powers  of  r»  above  the  first  enter) 

VbrrT         .-rr ^  35*- i* 


I"  ■ ' 


from  which  subtract  ^^  ft*  —  5*  =  ^y,  and  there  remains  — — *■■     •  .'   xm^isaw  ; 

.  3by/;b\—s^ 

i^ei)ce^  j5i;  =5;, _   __  x  w.     Now  Eb=zim;  hence, Eb  —  21; r: * tw—  — _-  x  m 

:^ — ^—  xin;  consequently  the  falling  of  the  water  from  the  Ifighest  point  is 

as  the  sqiiiart  of  the  sine  of  the  hour  iiigle^frbm  the  time  of  the  high  tide,  E 
being' appoint  in' the  equator  to  which  the'  linpiriiii-y  is  vertical.  When  zt;=0, 
we  have 'SBiVift'^iOj;  hence,  5=6  y/J  =  (if  &=  i)  0,57736  the  cosine  of  54^  44' 
the<«ngle;jBO.#fi  the'disfcincfe  of  the  high  tide  from  the  point  where  the  water 
ifr  ab  *hc  <NUtie  height  «  which  it  would  hW6  beeii  'if  lljere  had  been  no  tide. 

1197.  'ff^wesnppbseboth  the  siin  and  nibbii  16 1^  in' icorij unction  at  jE,  and 
iSmzszOE^OP  a^itftt^'fhJth  ihe  sun,  and  n'=  the  difFerence  caused  by  the 
■lOon,'  ti%eHiif  ^w^teiKA'^tte^^i^tities  at  the  time  when  the  sun  and  moon  are 
at  th«riitieaneailfeWft5t^,4rt'  ^hich  time  we  rtiay  consider  thpir  ajmpareht  semi- 
diiimeter*ttsr€qudl,tlie  effects  produced  will  be  as  their  densities  (B 5 3)  j  tliere- 

fore  their  densities  will  be  as  wi  :  n.^^  Hpnpe,,,(l \§6)^  zv^ihrt^Jr-  xm^  ?■    J. 

^  ^.tlie^altitudjej  from  Ibe^JoArteflfectar  of  thi  iiitti^  Uhd' moon  when  in  conjunc- 
^Qn  orjoppjttbion. .  ^^     ^  i^i'    v-fi  r.; 

1198.  If  the  sun  and  moon  be  not  in  amjonction,  but  the  sun  be  vertical  to 
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B  and  the  moon  to  F^  then  if  r  be  the  corine  of  the  angle  FOz^  the  altitiide  m 
of  the  tideatzwiU  be?:^^xwi+?^^^=^xii-    Now  to  find  at  what  poiiit 

36  So 

the  tide  will  be  highest,  we  most  make  the  fliizipnsO}  hence,  fm  +  nrrsOk 

C 

Put  ^  =  the  arc  fe,  a=:the  arc  Fz^  C  and  c  their  respective  tinea ^  then  is  j* 

X  -^,  and  rssj^xa;  hence,  bj substitutioci,  -r^  x-4  +-jr-xa30j  but,  as  if 

+  a  is  constant,  J  +  asO,  therefore  asz—A;  consequently  miCssnrr.    But 

5Cr:.  X sin.  2//,  and  rr=-  x sin.  8a;  therefore m x 8tn«  Si4sit x sin.  9a,  orin 
2  8 

:  n::  sin.  2a  :  sin.  2 J.  Hence,  we  have  only  to  divide  aa  arc  2bF  into  two 
parts,  that  the  ratio  of  the  sines  may  be  given^  and  the  half  ofeach  part  wiB 
FIG.  give  bz  and  Fz,  To  do  that,  let  Aac=:26JP,  draw  be  parallel  to  oc,  and  takt 
845.  aif  .  beiim  :  n,  and  join  ae^  and  it  will  divide  it  in  the  ratio  required.  And  to 
compute  the  two  parts,  in  the  triangle  abe  we  have  the  angle  abe  the  suppb- 
ment  of  the  given  angle  cabj  and  the  ratio  of  ab  ;  6er  as.m  :  n;  hence,  n  ^-m  t 
n.— 171 : :  tan.  ^  •  eab  4:  acb  :  tang.  ^  •  cab  -  aeb^^  therefore  we  know  the  angles  thenv 
selves.  Thus  we  get  the  point  where  the  tide  is  highest.  If  the  arcs  A  and  a 
be  very  small,  so  that  the  sines  may  be  taken  for  the  arcs,  then  m x9A  s  n x 
2a^  or  mx  A  zz.n  x  a,  and  hence,  m  :  n::a  :  A.  M.  D.  Bernoulli  has  solved' 
this  problem  analytically. 

1  I9i9.  M/D.  Bernoulli  proceeds  from  hence  to  find  the  ratio  of  the  densl- 
ties  ^  :  n  in  the  following  manner.  Conceive  on  one  d^y  the  sun  and  moon  to 
be  in  conjunction  at  /J,  and  the  high  tide  at  E  when  they  are  on  the  meridian. 
Now  a  mean  lunar  day  being  24^,  50',  let  us  suppose  the  next  day  when  the 
sua  is  returned  to.  E  that  the  mooa  is  got  to  jP,  so  that  the  earth  has  to  describe 
an  angle  of  50'  of  time  before  the  moon  comes  to.  the  meridian.  Now  the 
greatest  tide  at  z  has  been  found,,  fi'om  the  mean  of  a  greiM^  number  of  observe, 
tions,  to  be  35'  after  the  sun  passed  the  meridian ;  hence,  as  these  arcs  bz^  Fk 
£^re  so  small  that  they  may  be  taken  as  their  sines,,  we  have,  by  the  last  An> 
tide,  m  ;  7i::  15'  :  35f,  therefore  n=if  wi  =  2^  wi.  The  arc  Fz  shows  the  time 
of  the  high  tide  from  the  transit  of  the  moon  over  the  meridian.  We  may  com^ 
pute  this  ratio  at  any  position  of  the  sun  and  moon,  only  by  considering  how 
much  in  time  the  moon  recedes  from  the  sun  in  a  day,  ar^  how  muchi  tfa«  high 
tide  one  day  precedes  that  on  the  next,  and  thence  find  jPz.  and  bz^  When  the 
sun  and  moon  are  in  quadratures,  if  ^=^90%  then  a=Q%  for  in  this  case  m  x 
sin.  2^=0=71  X sin.  2a  agreeable  to  the  conditions;  hence,  in  this  situation, 
the  time  of  the  high  tide  would  be  at  the  passage  of  the  moon  over  the  meridi- 
an. Afterwards  the  point  z  of  high  tide  will  lie  on  the-  other  side  of  JPl 
Hence,  £rom  syzygies  to  quadratures  the  high  tide  precedes  the  time  of  the 
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ibiuiftaWvii>flW**#»H''>ei^*?n"<*  9f  t*^  *«»■*■  ihertWP  i'^s-iTW  ftv^i 
to  be  85*1  tlierefore  we  have,  m  : 'A^:  85  —  50  ;  rfdf  conseqiiendy  n^yixm^ 
Aq»ir<ifMWtt«l>Mttii  SBillNlfaBi&adlqiUa  ]i>i»BEsmvi>»il8afae<ii<Ui'miiil^Mj 

fte  equinoxes,  ana  the  nutation  of  the  earth's  axis.  Tne  method  useu  by  Sir 
t-  «fef^«Wi*CteiSst^MP^theJ^o^ijg,^,^;»,bt^flrYij.g  Bifi^iJ^^tfst ,(«) 
and  least  (i)  asceiflrof  the  wdters  from  low  to  nigh  tide  at  tlie  vernal  and  au- 
t^ni^^i^aw  {<EJJ6M(JWee»n.W^pt^sMbbWf{l  iiP^tftdfkuiin^imid  theri  as  . 
Mi*)e^ts^*hfeS«fea»rie*W'i-ftWT^HP'H!P':^9Bc**#4i'"I^^'es,  ffed^^ 
diameters  being  nearly  equal,  we  have,  n+m  :  nSmv.a  :  b;  hence,  n  \'m  :: 
afSfS":  >?!?»  '«/|p'waiid9?ai''f)l<Kw*»S»Sun<f-#r*r;:  ^  :  i  from 
5iB'd1*flaPi*4}K#'itel:"'¥l«i»''*SftvMM'l4f''8  Hfelcfna  made  at  St 
MM<«^'»t°TO89SBl3t  n'#pEKSn1#  *?'  »iHi>  1«1^.  «.l"  XlfeVaBo  ofm  and 
«?Wfo™TO?e8ltet(lt'^iliSffi«fal'aTstfii*Mg*i*«»loKlie.«im=tadtaboli        ''' 

sffl-^c8n«?qBifltiytti(i^*maisi8'  fWt(«aii''fliW!'-  dteals!."'  wtsa^'Wy  mm 

W."  teWif WhUi  thil'tolifs  A'ita'iMW»(J,i'aHH'fl.*^W1FmTt*«ililelio«!*S 
A8crohi]f,'^'S«?llV%fy'WeivK^Wi\-'yr'ffl#<m4n'4h^'Hll6«iJta'lbVi<3g!^  ' 
'te(i'«il"AHm8«iieA(.sKm,  a  win  b4'n*frly'SS^'  :''aV\*<vflntiefeB*ta)i% 
tlicsy  two  lali.K  Ibr  tlio  lliiiin  of  the  ratio  of  ra  :  n.  Tlie^VMt'aHSMjfte'ttittfy. 
Wckn'itii:  rHul'f.  of  W.e  i~itfo  of  »  ;  ,»  R«>f^'W>!*fe^iW««ii'S^  #ist«l  iffl'Sl. 
'lJl!iK''fcili^l'nt  1«;  acoAtmted  for  froiii  "trfe  daWl«fcJi'*Vm(!)f'li«j>^sSblf  tS«ti 
''par!;fiii''tHttefot'e  Ac  method  of  Si(-'t'*ri«4fcit'gveJ  J'c«Wita!Biii"WifH,''(4 
tel'lo<«rf'gl'tat'a  defrrac  of  iii.icc*icyHS  Wf'ffii>iaiAea'Bi)lrt.""R-6ni'H('e 

'WlBfeflf  Sffwe^fliMiiioiis  firnhd  b\''Jf.'a"Bei«(yik'i'Sit»'ite«Wir(.<itd"w 

W'fffes.tf-Wtefiiitiliosc  the  dcnsifi(i?drftie'«te'tiia'irto'i8  m  !'Sf'te"Bei«« 

m'5i!iv'Vi?i5''»«*  te'tviith.  """'  .i"'""!  "■-■"'  «'■'!  ■  ■"■  ■''"'  "■■'"■"- 

'*i'2M'H«2t'/gjfo6ii^p,;ting  the  i\,'^'em^iet"p^,''iiif'^^'sirmM 

flfc  Jf4*'"'  "*''''''  *=  '"%''"  ^'='  "'*  «?*tf^t!i!i"Higfi>4ld*IHH.irani)iaraa 
HvTlll  *'<!  jHfe'if  Wfe  'Siii'A  or  liloo'.f  ovet-Wrirtaiai)',  *ia  tftA; flbni'theiltT;  ' 

1,'S'i«'Mhst(«AWaMfe/yhiMiigthe'lttewafeT(^H'fiae!i!'i};'fa4e'iiive 
?atli<*B'?ilWi<r,4i*M,tW'»ctoftiie'siitte«4«««'  dj)«i;'tsi"»afHfe  toek 
^ce'iMiimt?R''Ji/Hi«fi'  oiraation  tif  m'<!kk^-iiM'>v,x'ki'VimtM<ia 

ir  fte''jrat#  te  "tile  conwqilcnee.  iii'ha^<lgW'<ke"^ii'Wi'.tmii'HM 
fliar=|fM^ftl*fciKe  ullon  thev  arc  li.''ih*'W«h-dMH}' 5»«l?-«iiSy<t3nta(ie 'to 
iel'IStai  'flBe"!ittc?,'  from  tvbit'h',  iT.8"tBS  lM!«59W*en*ttiST  ft"Appe«» 
■Sff'ffie"fciR''fl(ffi'')SSiJ'l!  at  tbat  time'/  a"rilW»'We?iWri3B4i»tWftea' ip'oii 
3|Sry%^ni?,''tflu?('^rWbssd'iily  want  to'«^  terredttjau  '''^K-'Oiat  'flierefdre 
(■li)l!i)n'-iHS^flAiJ?iS'ai>i)ti «*!thM:  Di>B«M!««(teiha!l«piaifed'tb»:66rrecB6li. 
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-wadti  am  /o 

Z  ,«i/j:  Bit  loodt  noiicioi  xnn  JuoiJjrw  iem  jb  illtta  aib  sd  Qi^^ST.  laJ  .IflFI  ;^* 
.aodJ  ,-it  OJ  iJiluoibfwqiaq  (^'\  fiiifi  ,0.0^/.  wKib  ;Ji  gniWinMii  Jaw  te  TGo(f> 
■ioi  dtoilw  ,biui9ilqi>  ii1u  "^^*^'k  f^ -^'^''SrvVTFf ''  '^^*'  uoU-jaiUk  91U  >(d' 
,*\  3fl  Iiio-.offqff  -jrij  "io  noir^rfmrr%T  :jd  T'l?^  .Ua  ioiuhi  bus  ,4*\-  *(  stxc  loa. 
ftTG)  (tsjlt  'f.  I0  soldi  anidiuJdifj  dj  'to  Jiiybir-.q-jbni  'A  in  fioitaniilE  ?ti  2t 
r»p,       ON  THE  TIDES. 

OWL  rtottodiiJi  sitJ  m  bns  ,p^  x  ^  8i  i\\l\  noif-iyitt)  9itj  /ii  \L  l<i  nuil-jindn  gjl* 

been  obseived  in  tlie  Hist  ages  of  the  worlil.  Accoaliiig  to  Mr.  Costahu,  in 
his  History  of  ABtronomy^'HrtMER'isC'the^moat'Biicienfifliitfiof'wIio  liasirteh* 
tinned  it.  Hebqpotv^,;  ,?pf^)yingf5)f  ffle  Ji^  5£b,  qr,>Uie  ^n^Awv  Qiflp^'t,  ^y»t 
that  "  there  is  a  flux  and  reflux  of  ^'iter  in  it  every  day."  And  DioDoatM 
SicuLus  describes,?t  to, be  "ft  greatJ^d  rapid  tidfe."  .,,Thesei,writers,\howener, 
do  not  attempt  to  guess  at  the  cause.  Pvtheas  of  il/arse///t'5,  wlio  lived  about 
thje  time,Df  AwxANDBK  the  0 real,  was  the  first4>©-3(Hi  j^■lloauspt^ttd  tiiatthe 
pliffnomenon  was  owing  to  the  niooTii  Pliny  says  directly,  that  it  is  caused 
by  tU^-SUDvand  pipon;  uii^t^  inam  dccedere  etrAij)rocer0,^ffaiipie(pf{^um,fiU^ 
pluribus  quldem  modis  accidit,  verum  causa  in  sole  lunaque.  Bis  inter  duos  ejror- 
itts  Imff  ^UWit,  bisgu^  remeantl  yicem  quaiernisqve.,S€inp^  ^7>v!  ^ndiffom 
furtlier  observations  which  he  h'a^  made  upon  the  tides,  it  appears,  that  they 
ifl/iffSthavcbecn  very  accurately  Observed  in  his  time.   Galilei 


cry  accurately  ribserVed  in  histime.  Galileo  ^Hotightf'thiit'  Me 
tides  were'  owing  to  the  rotatory  motion  of  tlic  earth  abyut,  i^^i^^xis,  and, its  ,11^ 
vojution  about  the  sun  ;  but  the  phenomena  Can  by  no  means  be  solved  from 
ili^y  '^(Jmiseb,  ^ak'tl^^'ib'nii^r  mti^on  could  only  make  the  earth  j^it  bh  ttil^'liAtt 
br  an '  ctblafe  spheroid  feubjedt  to  no  cliange,  and  the  latter  would'pi\'iau'6tflro 
eftfeict  on  the  fiurfi»cp»  1>e9  Cart^  imagined  the  tides  to  bei.taus'ed  by^ihejjcas- 
sure  of  the  moon  ;  but  according  to  tms  hypothesis,  the  tides  ongbt  to  be  low- 
est whcrt  the  moon  i^s  on  tlie  nierRliaii';  nor  couhl  thc'e'fect  be  ttic  same^wWfen 
itie  moon  is  below  :is  wlitn  nbme  the  lioi'izon.  Dr.  "Wallts  siipiJdsed'trf^'phi& 
uomenon  miglit  be  solved  by  the  earth  and  moon  revolvinff  ab'6u(f'tWe^l'c'^iitlit 
of  gravity ;  bu'l'as  the  Vjdcs  depend  oil  the  situation  of  the  niooh  iir  the  ^n, 
and  arc  greatest  when  /fficV  are  tn'tonjunction,  and  least  wbcn'Sii  tfiirldWtdRfe, 
it  is  iiiiiiiiliist,  tii;it''tlu;v  nnRtbc  partly  owingl'o  the  sinV,";irtd  th^i-fefHre'Ss^lic 
siin  ami  moon  aiipear  to  act'in  like  manner  to  produce  tlii?' (Effect,  VliW  (^ihiibt 
te' tilt  'tnie' prJiiciple.  Kkpler  was  the  tii-st  who  assigned  thfti^'^ltysidhi 
ciiuse ;  he  say^v  t|i;i't(t|ie  wat'crs  of  the  sea  gravitate  towrtrdS  the  fe6olf,'^aAiii 
Causes  the  tideS  (^20)\  Lastly,  Sir  1.  Newto;*  has'shdwn'  t^iat  frbitl  t^^^'pKb- 
ciples  of  gi-a\'ity,  the  pliffnoilieria  of  the  tides  niay'^bt  sohMd ;  but  the^'^effi^s 
from  theory  must  bd  i]HelTu]iteil  variously  frohi  local  circumstances,  as  the 
theory  3t(ppoW&  t&pwhcflelaurface  of  the  eartih  to^-'be  covered- with  watery  which 
would,  in  such  a  case,  have  a  free  motion. 


ON  THE  TIDES. 

1191.  Let  PEpD  be  the  earth  at  rest  without  any  rotation  about  ita  axis,  S 
a  body  at  rest  attracting  it ;  draw  SEODy  and  Pp  perpendicular  to  it ;  then, 
by  the  attraction  of  5,  theieftrthi«n)l  put  m  ^«  foun  of  a  spheroid,  whose  mi- 
nor axis  is  Ppy  and  major  JSD.  Let  5*  be  ufe  attraction  of  the  spheroid  at  P, 
E  its  attraction  at  £,  independent  of  the  disturbing  force  of  S;  then  (975) 

tiie  attraction  of  M  in  the  direction  MR  is  P  x  ^^,  and  in  the  direction  MQ 

^ii  ^'^^^iM^^ma^^'MM^m^wnW^'^^^i  !p.  and 

ujMUUOiCL   i;iiA       '.yj;l>  yi^7ii  ji  m  loJCw'^  xuftoi  Ijirc  xull  lj;i '■■■"*    ■       '• 
.l»»«<'it/«l'W-<Q»3>l-;ini  i' r^  VWj^J^tJiSsHaflticSlls'fiSKS'Wi!!/  in  the 

9«Motlb*al«ilfiris.g«<^ta»fn*5*><^>tKrtafttSSSIM<SW^tt«*;;;*«nce, 
b98U£o  «i  Ji  Jcflj  ^/li-)r;i;fj  r/i,'  ■.  i^!,[*!     ■Hworii  adt  oj  jjtiiwo  «i:#  (ioi('iHn..ci  i- 

'itf>di4'aft-ectt(ei^  mtf^&tmit'f^s^)  i3«pjti^ffi*e^rf«ii»^B«Btfbrbg  ibw!e'«n 


3Ry'.,QJu,;  O^^;  i,lierefore  a  . spheroid  liayinfj'  two  axt^s  in  siicii  a  ratio,  the' dl- 


je^Uoi|||0^^t|^e^«^lole  force  at  every  point  \vill  be  l)eil)CiKliciilav  to  tile  s 

^i^^.lfj^^  1^/  ^-^^^^5,^.  it  appeal's,  tliat  the  ajdititious  force  of  the  sun  on  api^- 
\j,if|)5,gi|(,flje  {j^rjlJ|j;f,^uriilce,^,the|^orcc  of  giai'ily  al  the  earth's  surface  iftije 
J0U^e,jflj,jtj!|^jDj^pdf(;^lii|)f  ^,()f,  a  botly  revoMiig  al  liie  eartli's  surface  :  tlie 
^^fi;  9f;^c,ji.j^ijff;  tim^jflfjUle  eartli  :;  1  :  ,'Jsti04«X)  =  -a',  and  tliis  (witliout 
(yi^§e*isi|jijiejeiyf^  i^l.^t^.j^resent  case)  we  may  ta|se  for  the  ratio  oii  any  part  of 
tlic,  ea^lflja  siir^cQ,  ,90usidere4  fivst  as  a  sphere,  and  tlienoiifv  disturbed  by  tire 
sj^u  arid  rnoan;,Jfe\,  tlicreforf)  ^',=»>^f  .J,,,  aij^jjt^  Of^^^pE: :  I  :  I  +  i: 
titer,  as  «  -..n,  :;iOJi:  OE  :;  l.;.,l,-t,ff,  5f  te^siSdVtlV"'-,','^'?''  C^i''  ^''V 
i.,tt<;:.tj-i;ifeai,:j;;^a»<!.rt;*rf^..Vncei.jj)|iiiH^rti^"fra'B. the, last  Ar- 
ilcUly-7i9»itlnl»"xljlwM«<Bo»Wiu  i'*ifc:'>l«itaad«i^}lacgie«tti)gr,tl^^i>l> 

lOJlorrr  ■.rt'ii  r.  vijil  j-j'-r^j  K  ilyij^  ■;    ,b.SjO 


to  be  85'}  therefore  we  have,  m  :'it^:  85  —  50  ;  ^Af  couseqiienrfy  n  =  'jtxm=: 

wie  equinoxes,  ana  the  nutation  of  the  earth  s  axis.     The  method  usea  by  Sir 

and  least  (6)  ascent  of  the  wMers  from  low  to  nigh  tide  at  thff  vernal  and  au- 
4^ni^«^MW  KiJeaiiJIIMfi»K(>roppftsM«il»iaifi  ii(>^a>4iku<si«l«ld  then  as 

diameters  being  nearly  equal,  we  have,  n  +  m  :  nSm::a  :  b;  hence,  n  t-'m  ;; 
I'JSTPJ':  J*r-?»  '*/ffilS'in'aildH?«i''»!l«Kw»»*>Sun>f#rW::  SJ  ;  1  from 
Si»eMiM'ii#'lf ''6i?fi6l;"Tri«iTl''ot)SiHM9i«''*f''li  BKtTcina  made  at  St. 
Ml<fi"fy  MPTOffeWii^  rt'^peiiferilW  »\  bIH\'  r^'-.  t>'  Tlfe^aHO  of  m  and 
WlWfoto'?^i'e84aftltert'<f«t*»*''Ks*AMg*r«»'o!fHlie.Smi^'4nd''inb6n        '" 

afiflf*  «liat>'a8te'»ic^,^*(ft'4  ¥fe  s"«()ji**i5'flie?i'iip«u^r*i«ia)aHikef!'feiiuki; 

■  "■     ■"  ;S(l9lfltl/th,!5'H«tt^al^fBrirbJthi'l«htey^dfei?i»!!«JBilfSa?'WyWHffl 


*']  .        ,  .      o  .  . 

Afi(roh»f!'^'S9!IFbf'WyfeaVt/as-'l':'»i''fflJ'*<«lSh'4h4«ll6«iJta'Hs-^3g*i 
temmHrt  HBIfe'^er'lfcei'ta,  i^  will  b4'n&l5?i8^'  r''5t  w%<vilRlieftB*U»* 
these  two  ratios  for  tlie  limits  of  tlio  r.nio  of  ra  :  n.  TK(;%»'iilt'»»H?te'«Wtfk 
WSWHc  Mteof  ftie  rarib  of  n  :  m  from  tlic'M*iiWt!MiS*  #isttl  ifti  'St. 
'Sl!JK"bil\lfof'Bo"i'c<'AtmfMl  for  from  tlui  difl81«fcj!WR*taj'^sSblf iSte 


|fefer!''i3''tl*tWAte  flic  mcthoJ  of  Sir  L  Krn4!S"g!veJ  !iii:«Wlii!a«"*hlW>it 
mU&Hif-^i}'Sii:!ii  a  degree  of  imiccuracv  to  lW'iMt«»Aea'Bjflri."»Pr«rfH<'e 


'm;"f(»8.-«'W%!^feii^l5o'se  flic  densities  oftlio  ?te<iirta'Wo3«  Jft  !'4f  iSWHI 
jffifidfy'veW'm'f  tec'trutli.  •      ■-'  "">*  'i^"*  ™''  ■  "■  •''"'  "of.rj 

"  l^dcC'Heilc'o,  bv  compiitinr,  the  angle  'i?f)tj;i  flf ''J*)i,''-(M"  dSfei*' dSy JHtttf 
■fife  i'(!|«PfiSllmbcln,ivf  miiM  t-ct  llic  tSmF-i'it»(Sili«ln^4)dHtiilkBrf)tart!a 
'%!^  m  {Hife'V *  sin  or  moon  ovor  the  mSflSSf)',  *&  tiSA/ffiim"Bie(mf;  ' 
«y"/iil^'f  'MfistWft'j^'If'aBle,  showin-  (lie  timte  Bf»lt1(^H'fite!'i};'feii4c'liive 
i'ilj!i#&?ii»(j;W^Widfc  effect  of  the  sun  aB«'i««J»I  iit(6rf'tBi"»afefe  tottk 

file'iyiffiWitoi'Wi'  bpcration  of  the'cii4«>''%ffl°Bi«lia'Wii(BWiBii> 
<IS'&tdS  Wk  t5e''i'oiisequenco.'  Biit  althbdgiiJ'^e^iSbifSKamBH'WW 
fliSr  grc\iti^t  inlhcu'c  v.-lirii  Ihcv  arc  in  thtf  n«!Htfl«H!'fil?T!i<y<)-antiaiie'W 
itt  sonic  time  ait-r,  from  uhiolV,  am!  the  inlffK9!Mr«Sie<'*«tftT  ftTkppebs 
iliJl|tlio  high  tide  isiiot  at  that  tiinc  ;  a  TalitifWeJiffiriaiAnStWftW  Ap'oii 
tile5ry'idbnt"'lflust''ii*cs!idl-ily'  want  to  be  corredtaaU  '"'^e'lsliffl"ttaref<jfe 
cxpianffiii'prftifcipfes'npon«*ichM.  D.  Bin-iodiSililailipiaiedtbisllwrTedidli. 
VOL.  II.  T  f 


218  ON  THE  rron. 

FIG.  1201.  When  the  sun  and  moon  are  in  syzygies  b  at  Brest,  it  appears,  firom 
246.  the  mean  of  a  great  number  of  observations,  that  the  high  tide  happens  at  SA« 
28'  i  and  when  the  sun  is  at  b  and  the  moon  in  quadratures  at  gj  it  happens 
at  8h.  40' ;  the  difference  is  5h.  1 2'.  This  difference  was  observed  to  be  the 
same  at  Dunkirk,  and  at  other  ports,  although  the  absolute  times  were  di£> 
ferent  Now  let  us  consider  what  is  the  difference  from  theory.  When  the 
sun  and  moon  are  in  syzygies  at  by  the  high  tide  is  at  b  at  that  time,  or  at  12 
o'clock.  When  the  moon  is  in  quadratures  at  g^  it  is  low  tide  on  the  earth  at 
b  ;  now  whilst  the  earth  is  revolving  about  its  axis  so  as  to  bring  tiiis  point  at 
i^  up  to  the  moon,  the  moon  is  got  to  v  about  3°  from  g^  and  by  our  computa- 
tion (1198)  the  point  z  of  high  tide  is  about  2^  beyond  v  ;  hence,  the -point  on 
the  earth  at  b  at  low  tide  must  describe  an  arc  bz  of  95^  before  it  be  at  the 
high  tide,  which  arc  it  describes  in  6h.  2Qt.  This  interval  of  the  two  tides 
therefore  from  theory  does  not  agree  with  observation.  Take  the  point  F  at 
20^  before  6,  and  suppose  the  moon  to  be  in  JP  and  the  high  tide  by  theory  to 
be  at  z' ;  then,  by  computation,  this  happens  at  1 1^.  2',  lunar  time.  Now  let 
us  take  F  at  20^  before  gj  and  suppose  the  moon  at  F  and  the  high  tide  at  z  ; 
then,  by  computation,  this  is  found  to  happen  at  Sh.  59^'  lunar  time,  which 
gives  an  interval  of  4A.  57^'  lunar  time,  or  Sh.  8'  solar  time.  This  therefore 
agrees  very  well  with  the  interval  between  the  times  of  the  high  tides  when  the 
moon  is  in  conjunction  and  quadratures.  Hence,  to  get  the  true  interval  of 
the  times  of  the  tides,  we  must  compute  from  our  theory,  by  supposing  the 
moon  2QP  behind  its  true  place,  and  then  we  shall  get  the  true  interval,  agrees 
ing  with  observation.  Hence,  the  fbllowing  Table  was  computed,  the  first  co- 
lumn  of  which  shows  tlie  moon's  true  distance  from  the  sun  when  the  moon 
passes  the  meridian,  for  every  10®  from  conjunction  to  opposition ;  the  next 
three  columns  show  the  times  of  the  high  sea  in  respect  to, the  passage  of  the 
moon  over  the  meridian,  for  the  perigee,  mean  distance  and  apogee  of  the  moon, 
and  the  last  three  show  the  absolute  hours. 
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A  TABLE 

ForJln£ng  Oe  Time  oftiie  High  Tides. 


s 

r 
0 

• 

0° 
10 

Time  of  High  Tide  before  and  after  the 
passage  of  the  moon  over  the  meridian. 

True  Time  of  the  High  Tidel 

nearly.                  1 

Perig.  of  c . 

Mean  Dist.  < 

Apog.  of  «  . 

Per.  of  « 

Me.Di&  i. 

Apo.  of  c 

18'    after. 

22'     after. 

27i'  after. 

0\ 

18' 

0\  22' 

0*.  27^' 

9|  after. 

11^  after. 

14    after. 

0. 

49,^ 

0.  51f 

0.  54 

20 
30 

40 

0 

o 

I    o 

I. 

20 

1.  20 

1.  20 

9^^  before. 

11^  before. 

1 4    before. 

1. 

50i 

1.  48J 

1.  46 

18    before. 

22    before. 

27  i^  before. 

2. 

22 

2.   18 

2.   12  J 

50 
60 

26    before. 

31 J  before. 

S9^  before. 

2. 

54 

2.  48^ 

2.  40^ 

S3    before. 

40    before. 

50    before. 

3. 

27 

3.  20 

3.   10 

70 

• 

37^  before. 

45    before. 

56    before. 

4. 

2i 

3.  55 

3.  44 

80 
'90 

38^  before. 

46.^  before. 

58    before. 

4. 

4U 

4.  33i 

4.  22 

33^  before. 

'  40^  before. 

50^  before. 

i     5. 

26^ 

5.   19^ 

5.     9^ 

100 

2 1     before. 

25    before. 

31     before. 

6. 

19 

6.   15 

6.     9 

110 
120 

O 

0 

0 

7. 

20 

7.  20 

7.  20 

21     after. 

25    after. 

3 1     after. 

8. 

21 

8.  25 

8.  31 

ISO 

33ii  aften 

40|^  after. 

50.^  after. 

9. 

13i 

9.  20i 

9.  30^ 

140 

38^  after. 

46  i  after. 

58     after. 

9. 

58^ 

10.     Qh 

10.   18 

i50 

37  J  after. 

45    after. 

56    after. 

10. 

37i 

10.  45 

10.  56 

160 

33    after.  • 

40    aft«r. 

50    after. 

11. 

13 

11.  20 

11.  30 

170 

26     after. 

31^  after. 

39^  after. 

11. 

46 

11.  51^ 

11.  59^ 

180 

1 8    after. 

22    after. 

27^  after. 

0. 

18 

0.  22 

0.  27i 
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1 202.  This  Table  gives  the  true  interval  of  the  tides,  and  also  the  time  very 
nearly,  upon  supposition  that  the  luminaries  are  in  the  equator,  and  that  the 
effect  could  take  place  as  supposed  in  the  theory.  But  from  the  inertia  of  the 
water,  and  the  obstructions  it  meets  with  in  its  passage  from  rocks,  islands, 
shores,  &c.  this  Table  cannot  exhibit  the  absolute  time  of  the  hijjh  tide  at 
every  port,  which  must  vary  according  to  the  effect  of  these  circumstances, 
although  it  shows  the  difference  of  the  times.  To  determine  therefore  the  true 
time  at  any  port,  we  must  find  from  observation  what  is  the  difference  between 
the  true  time  and  that  shown  by  the  Table,  and  then  that  difference  added  to 
the  time  shown  by  the  Table  will  give  the  time  of  the  high  tide.  For  the 
same  obstacles  remaining,  there  must  always  be  nearly  the  same  retardations ; 
the  greater  however  the  tides  are,  the  less  the  same  causes  will  retard,  and  the 
less  they  are,  the  more  they  will  retard  ;  and  accordingly  it  is  found  from  ob* 
servation,  that  the  highest  tides  always  come  sooner  to  their  height,  and  the 
lowest  later,*  than  the  calculations  give  it,  the  above  difference  being  determin- 
ed from  observations  on  the  mean  high  tides.  The  declination  of  the  lumina- 
ries, as  it  alters  the  quantity  of  the  tides,  and  also  their  direction,  will  cause 
some  small  variation  o(  the  difference ;  and  the  different  direction  of  the  winds 
must  have  also  some  effect. 

1203.  But  besides  the  small  variation  of  difference  arising  from  the  declina- 
tion of  the  sun  and  moon  for  the  reasons  in  the  last  article,  the  time  will  also 
be  altered  from  hence,  that  as  bg  is  not  the  equator,  the  arcs  upon  it  will  not 
be  the  measures  of  the  hour  angles.  As  the  moon's  orbit  makes  but  a  small 
angle  with  the  ecliptic,  we  may  suppose  them  to  coincide.  Hence,  when  the 
moon  is  in  the  equator,  tlie  arc  of  the  moon's  orbit  included  between  two  me- 
ridians :  the  corresponding  arc  of  the  equator : :  rad.  :  cos.  23^°,  or  as  100  :  92 ; 
and  when  the  declination  is  the  greatest,  these  arcs  are  as  cos.  dee.  :  rad.  or  as 
92  :  100.  Hence,  the  numbers  in  the  second,  third,  and  fourth  columns  must 
in  the  former  case  be  multiplied  by  iV..,  and  in  the  latter  by  j^.  Very  nearly 
in  the  middle  point  between  these  situations  the  arcs  will  be  equal  j  and  for  any 
intermediate  points,  we  may  compute  the  multiplier  by  the  Note,  Art.  128. 

1204.  From  the  value  of  zv  in  Art.  1197.  we  may  compute  the  altitude  o£ 
the  sea  at  any  time ;  and  by  Art.  1 198.  we  can  find  the  points  where  the  tide  is 
highest,  and  at  90°  from  thence  it  is  lowest.  Thus  we  can  find  the  altitude  of  the 
highest  and  lowest  tides  for  all  times,  supposing  (as  in  Art.  1201.)  the  moop  ta 
be  20°  behind  its  true  place.  But  this  can  only  give  the  relative  altitudes,  the 
true  altitudes  varying  very  much  in  different  parts,  from  their  situation.  M;  D,. 
Bernoulli  therefore  puts  A  and  B  for  the  mean  height  of  the  high  tides  when  the 
luminaries  are  in  conjunction  or  opposition,  and  when  they  are  in  quadratures^ 
to  be  determined  from  observation  ;  the  height  of  the  tide  being  the  ascent  ot 
the  water  from  the  low  to  the  high  tide.  Hence,  n  +  mzzA^n  -^rnz^B  ;  therefore 
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n  =  — -— - ;  w  = ;  and  putting  these  values  for  n  and  tw,  he  has  con- 

structed  the  following  Table,  the  first  column  of  which  shows  the  distances  of 
the  sun  and  moon,  at  the  time  the  moon  passes  the  meridian,  and  the  other 
three  show  the  height  of  the  high  tides  for  the  perigee,  mean  distance,  and 
apogee  of  the  moon«  , 


A  TABLE 

To  shffx  Ike  Height  of  the  High  Tides. 


Dist.  ;   AJt.  in  Perigee. 

Alt.  at  Mean  LNst.      Alt.  in  Apogee.  1 

0",  Oy995A+0,l49B 

0,883.4+0,1175 
0,970-:/  +  OfiSOB  j 

0,795-4 -r  0,0825 

lO 

4 

1,104^  f  0^38B 

0,874/4+0/)2l£ 

20 

l,138J+O,000B 

1 ,000/4  +  O,000  5     0,90I  J  +  OfiOOB 

ao 

1,104^ +0,O38B 

0,970/4  +  0,0305     0,874  J  +  0,02l5 

40 

0,995J +0,149B  :  0,883J-i-0,117fi 

0,795/4  -1-  0,0825 

1     so 

0,853//+ 0,3 19B 

OflSOA  +  0,2505 

0,676-J  +0,1765 

60 

0,668// +  0,527  B 

0,587/4  +  0,4135 

0,529^  +  0,2905 

70 

0,4,60  A  +  0,749B 

0,413^+0,5875 

0,327/4+0,4125 

80 

0,284  J  +  0,958/J 

0,250/4  +  0,7505 

0,225/4+0,5275 

90 

0,133^  +  1,1275 

0,117/4+0,8835 

0,105/^+0,6215 

100 

0,034^  +  1,238/^ 

0,030^  +  0,9705 

0,027// +0,6S25 

110 

0,000^ +  1,27  7  fi 

0,000//  +  1 ,0005 

0,000.4  +0,703£ 

120 

0,034.^  +  1,2385 

0,030//  +  0,9705 

0,027// +0,6825 

ISO 

0,133/^  +  1,1275 

0,117/4+0,8835 

0,105/4+0,6215 

140 

0,284// +0,9585 

0,250//  +  0,7505 

0,225i4  +  0,5275 

IJO 

0,460//  +  0,7495 

0,4 13// +0,5875 

0,372/4+0,4125 

160 

0,668// +0,5275 

0,587//  +  (>,4 1 3  //     0,529.4  +  0,2905 

170 

0,853// +0,31 9 /i 

0,750//  +  O,2505 

0,676/4+0,1765 

180 

0,995/4  +  0,1 495     0,883//  +  0,1 1 75 

0,795  A  +  0,0825 
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It  is  matiifest  from  this  Table,  tiiat  the  highest  tides  are  when  the  moon  has 
passed  conjunction  20**,  or  about  1 J  days  after,  and  the  lowest  tides  when  the 
moon  has  so  far  passed  her  quadratures. 

1 205.  We  come  in  the  next  place  to  consider  the  efiect  arising  from  the  de- 
clination of  the  moon.     It  appears  by  Art  1196.  that  the  fell  of  the  water 

from  jB  to  t;  =  -— —  x  w,  therefore  at  P  it  is = w» ;    hence,  m  —  — ~   x  m 

o  .  b 

=:  _  X  m=the  rise  of  the  water  from  P  to  v;  put  therefore  r = the  cosine  of  the 

angle  EOv  to  radius  unity,  and  we  have  c*wi=the  height  of  the  water  above  the 
lowest  point. 

1206.  Let  GBAH  be  a  meridian  of  the  earth  passing  through  the  moon  fig. 
vertical  to  -B,  AG  the  axis  of  the  earth,  DMK  the  equator,  and  CEL  any  pa-  247. 
rallel  to  it,  and  assume  E  any  place ;  then  will  the  diameter  BH  be  the  axis  of 

the  spheroid,  which,  as  it  differs  but  very  little  from  a  sphere,  may  be  regarded 
as  such,  so  far  as  respects  the  triangles  on  its  surface.  Put  therefore  radius 
=  1,  5= sine  of  ABj  C=its  cosine,  ^=sineof-4£,  c=its  cosine,  ^ = cosine 
of  the  angle  BAEj  and  q  =  cosine  of  BE ;  then,  by  Spherical  Trigonome- 
try, q  =  Ssy  -f  Cc ;  therefore,  by  the  last  Article,  Sst/  +  Cc*  x  wi  =  the 
height  of  the  water  above  the  lowest  point.  Hence,  we  may  consider  the  fol- 
lowing cases. 

I.  Let  €  be  the  point  where  the  water  is  lowest ;  then  Ssi/  +  Cc = O,  hence, 

Cc 

1/  —  — r-  the  cosine  of  BAe. 

II.  Wlien  C=5,  and  0=9,  then^=  —  1,  therefore  the  angle  C//e=:  180°,  and 
consequently  e  coincides  with  L.  Hence,  when  the  latitude  of  the  place  =  the 
complement  of  the  moon's  declination,  the  low  tide  happens  at  Z,  distant  from 
the  high  tide  at  C  twelve  hours  ;  in  this  case  therefore  there  is  only  one  high 
and  one  low  tide  in  twenty-four  hours. 

III.  When  s  is  less  than  C,  or  when  the  distance  of  the  place  from  the  pole 
is  less  than  the  moon's  declination,  then  >6;y +  6t*  xm  never  can  become =0, 
within  the  limits  of  y.  Hence,  the  altitude  diminishes  from  the  passage  of  the 
moon  over  the  meridian  to  the  opposite  meridian  ;  and  consequently  from  the 
parallel  whose  distance  'rom  the  pole  =  the  moon's  declination,  to  the  pole,  there 
is  only  one  high  and  one  low  tide  in  twenty-four  lunar  hours.  And  if  we  make 
y  =  l,  and^zz  —1,  we  have  .S^  +  C'c*  x  m  — Cir  — «Ss*  x  m  —  ^SsCcm  for  the  dif- 
ference of  the  altitudes  of  the  two  tides. 

IV.  When  the  declination  of  the  moon  is  equal  to  the  latitude  of  tlie  place, 

8 


8  =  s,Cse,and  makeyst ;  bence,5<-f  Cr=5*-t-C*=:l;  Aerafare  Aegrel^ 
cut  altlUide  =  n ;  »L»o,  y  (Cmc  1. )  =  ^=£  ~  «»*•  •B-*'"- 

V.  Wlien  Uio  moon  i*in  the  equator,  5=1,  C=0,and  theahatadcrfthe  tide 
=  i*m,  wliicli  iherelore  varies  an  tfjc  square  of  the  cosine  of  latitude.  Hence,  in 
this  case,  at  t]ie|>ole  tticrc  is  no  tide. 

V  [.  The  height  of  the  title  when  the  moon  passes  the  meridian  =  Si+  t'c*  x  n 

niid  whfii  the  moon  h  at  tlie  opposite  meridian  the  height  is  —Ss'+  Cc*  x  M' 
Ilenre,  when  the  moon  is  in  the  equator  C  =  0,  and  the  height  of  both  tides 
ari'  equal.  To  a  place  on  the  north  of  the  equator,  when  the  moon  has  south 
iterlinatioii,  C  becomes  negative,  and  the  latter  tides  are  the  greatest ;  but  when 
the  moou  han  north  decliniitton,  C  is  positive,  and  the  former  is  the  greatest 
Hence,  to  m  in  this  case,  the  high  tide  is  greater  when  the  moon  is  above  the 
hori/nn  than  when  below.     In  all  cases,  e  is  nearer  to  or  further  from  f,  ac- 

ronliitg  OS  j/     — -Tj-  I  is  poiitivc  or  negative.     The  difference  of  the  two  tides 

in  nlwHvs  =  *SsCan. 

VII.  The  heij;hl  of  the  two  tides  when  the  moon  passes  the  meridian  being 
WVtV  H  m  *nd  —■Ss  +  C€*  X  m,  the  mean  height  is  .^V  +  C'V  x  m. 

VIII.  Hence,  the  same  north  and  south  declination  of  the  moon  give  the  same 
niPJin  whitiiile.     Tliis  in  contirmed  by  observations. 

IX.  In  Utitiiilo  *-?^» 'V  =  C' =  i ;  hence,  the  mean  altitude^  ^  x  s'  +  c^x  « 
a  j  M ;  therefiira  wlwlcver  be  tlie  declination  of  tlie  moon,  the  mean  altitude 

•     is  in  tliis  Imiiiiile,  wbvay*  the  same.     Hence,  in  our  latitude,  the  mean  altitude 
will  vary  but  very  littto. 

X.  Under  tl»e  cqiiutor,  tl»c  me»n  height  =5>,  which  therefore  varies  as  the 
square  of  the  cosine  uftlic  moon''s  doclhiauon. 

1207.  As  tlie  tides  rise  tVom  tJu-  collecting  of  the  waters  on  the  whole,  sur- 
fi»ce  of  the  main  sea,  if  there  be  nnv  qnanlities  of  water  separated  from  it,  tiie 
«e-  vanatioo  mustbe  proportionally  suKillcr.  For  if  ro  be  a  small  surface  of  water 
-  dfitscfaed  from  the  rest,  its  sui&t-e  \\\\\  put  on  tlie  figure  a:s  similar  to  <f/,  con* 
«equently  the  variation  xr  from  tin-  mean  altitude  must  be  very  small.  Hence, 
merebMve  never  been  any  tidea  oh;*orved  in  the  Caspian  sea;  for  from  the  ^i.- 
meiufiom  of  that  sea,  the  greatest  ailinide  will  not  he  above  1^  incJics  at  thff 
«a«ern  and  western  extremities,  acnnxliii^  to  M.  de  la  Lande,  who  has  cor* 
ra^Utd  ail  error  made  by  M.  D.  Blhnoi'i.ii  in  his  compuUtion  ;  and  it  is  ma- 
Mtetl  tiiat  Uie  mithlle  of  the  sea  will  never  be  affected.  Very  small  tides 
luvc  }>««»  <^«.-rvcd  in  the  Black  sea,  which,  from  its  connection  with  tlie 
Mediterrantau  iK-a  „nly  by  a  very  smaU  passage,  may  be  considered  as  a  de- 
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tadied  sea«  The  Mediterranean  sea  is  conneeted  to  the  tnaiii  sea  only  by  a 
narrow  passage  at  Gibraltar,  so  that  only  a  small  qilantity  of  tide  from  the  open 
sea  can  flow  in,  and  the  sea  itself  is  not  large  enough  to  produce  any  vety 
sensible  tides ;  accordingly  we  find  the  tides  there  to  be  but  very  small.  The 
best  observations  are  those  which  have  been  made  by  M.  le  Chevalier  d'ANoos 
at  Toulon,  from  which  it  appears,  that  the  tides  produce  a  variation  of  about 
one  foot  in  the  height  of  the  water.  There  were  frequently  greater  variations, 
but  those  appeared  to  arise  from  high  winds* 

1208.  The  general  phsenomena  of  the  tided  from  observation  agree  very  well 
with  the  conclusions  deduced  from  the  theory  of  gravity ;  indeed  much  more 
accurately  than  could  have  bden  expected^  when  we  consider  how  many  cir- 
cumstances there  are  which  fake  plaoe^  and  which  cannot  be  reduced  to  com- 
putation. The  theory  supposes  the  whole  sur&ce  (^  the  earth  to  he  coveted 
with  deep  waters^that  there  is  no  InerlJa  of  the  watet9^-that  the  tazjot  aiia 
of  the  spheroid  is  constantly  directed  to  the  idoon,  and  that  there  is  an  equili- 
brium of  all  the  parts.  But  the  inertia  of  the  waters  wiR  make  them  continue 
to  rise  after  they  have  passed  the  moon,  although  the  action  of  the  moon  begins 
to  decrease,  and  they  Come  to  their  greatest  altitude  in  the  open  seas  alkftit 
three  hours  after,  at  which  time  there  is  not  a  general  eqaifibriiim,  but  the 
waters  rise  and  &11  by  a  reciprocatioiy;  hene^,  the  longest  n,idfs  is  not  cfirected 
to  the  moon,  nor  is  the  %ure  a  perfect  spherOid-^The  waters  have  not  a  free 
motion  on  account  of  the  shallow  places,  rocks,  islands  and  continents,  the 
force  of  currents  and  winds ;  also,  as  the  waters  approach  the  equator  where 
the  earth  has  a  greater  velocity  about  its  axis,  they  must  necessarily  be  left  be- 
hind and  obstruct  the  regular  motion  of  the  water  when  it  moves  from  west  to 
east,  but  conspire  with  that  from  east  to  west.  All  these  circumstances  must 
affect  the  measures  of  the  phenomena  as  deduced  from  theory ;  it  may  how- 
ever  in  many  cases  give  the  relative  measures  without  any  great  error,  so  that 
by  accurate  observations  once  made  on  their  absolute  quantity  in  some  one 
particular  case,  the  measures,  in  all  other  cases,  may  be  ascertained  to  a  consi- 
derable degree  of  accuracy. 

1209.  If  a  place  communicate  with  two  seas,  or  has  two  inlets  to  the  same 
sea,  two  tides  may  arrive  at  that  place  at  different  times,  and  produce  various 
phaenomena.  An  instance  of  this  kind  takes  place  at  Batsha,  a  port  in  the 
kingdom  of  Tunquin  in  the  East  Indies,  in  20^  50'  north  latitude.  The  day 
in  which  the  moon  passes  the  equator  the  water  stagnates ;  as  the  moon  re- 
cedes from  the  equator  towards  the  north,  the  water  begins  to  rise  and  fell  once 
a  day  J  and  it  is  high  water  at  the  setting  of  the  moon,  and  low  water  at  its 
rising.    This  daily  tide  increases  for  six  or  eight  days,  and  then  decreases  for 

'^  the  same  time  by  the  same  degrees,  and  the  motion  ceases  when  the  moon  has 
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returned  to  the  equator.  When  it  has  passed  the  equator,  and  approaches  the 
south  pole,  the  water  rises  and  falls  as  before,. but  it  is  now  high  water  at  the 
rising,  and  low  water  at  the  setting  ojf  tlie  nioon.  Sir  I.  Newton  thus-  ac- 
counts for  this  phaenomenony  ^Tkepe  ^e  twpnvl^  :to  this  port,  one  from  the 
Chinese  ocean  between  the  continent  and  the  ManiUas,  the  other  from  the 
Indian  ocean  between  the^cpnt^p^^  ^nd  Bprneoij  ^^pd  he  atfppo^eSi.^tfft  ^^ 
msiy  arrive  at  Batsna,  uirough  bi)e^  ^iji^^  third  hour  of  the  moon,  and 

through  the  other  inlet,  six  hours  after ;  and  supposing  these  tides  to  be  equals 
•one  flowing  in ,  whi^t  ^fi., plt^,  fiffw \Q^U  the  watefi i wi^|St|igp|tet» » \i  Now 
th^y  are ,  equal  y;hep  ^. thf^i  Jn^c^ojj^ ,  i^,  jiA  ,th^  equator }  but  las Xh^^moon  begpns ta 
decUne  on  the. same  si4^,  9|^«tl^.<^  eqi^atx]|r|,>i^ith  fiatsha,  the^^MniAl  tides  exceed^ 
the  nopturnal;,Cas  appf|^,$,^y(fh^ipr^Qing  principles),  so  thftt^two^^eater  tend) 
two  le9ser  tides  mu^t  ,^'ycf  ajt), ^tsha. by  tums^     The  difier:epce.4>f  tJisfe  jm&i 

produce  a  mptionj. of  ,t^^,^^te;i:,..whigh  will  rise  to  its  gr«»te9l:beightfid:(  tto 
meau  time  be^^.eep  .1|he  tyvp  gi{ea^t^t^ti(ifi$j  and  fall  low/eat  a%itim  wifianUhqb^ 
betye^n  ti^ej:jlj]^0|^.ljj,]y^t^t^^  be  high  water,! about lAhenfiixibi 

hjourat^tb^^s^tjjU^  1,0^  wMer  atits  rising. .,iW>enthfi  mmvk\ 

bias  got^  tne  othe^.aide  of  the  equator,  the  nocturnal  tide  will  exceed  the  di^* 
lunal  J   and  therefore  the  high  water  will  be  at  the  rising,  and  low  water  at  the 
setting  of  the  moon.     These  principles  will  account  for  other  extraordinary 
tides  which  are  observed  in  those  places  whose  situation  exposes  them  to  such 
irregularities. 


I      • 


CHAP.  XXXIX. 

ON  THE  PRINCIPLES  OF  PROJECTION,  AND  THE  CONSTRUCTION  OF  GEOGRA- 
PHICAL MAPS. 

Art.  1210.  X  HE  projection  of  an  object  is  its  representation  upon  a  plane,  and 
is  formed  by  drawing  lines  from  the  eye  to  the  plane  through  every  point  of  the 
object ;  and  according  to  different  situations  of  the  eye,  the  object  and  the 
plane,  the  representations  will  be  different.  The  projection  in  order  to  be  per- 
fect, should  be  a  perfect  representation  of  the  object,  that  is,  the  proportion 
and  relative  situation  of  all  the  parts  of  the  figure  should  be  the  same  as  in  the 
object ;  but  in  the  construction  of  geographical  maps,  this  is  not  practicable  ; 
it  being  impossible  to  give  a  true  representation  of  a  spherical  surface  upon  a 
plane,  retaining  the  true  proportion  of  the  figures,  magnitudes' and  positions  of 
the  countries,  with  the  relative  degrees  of  latitude  and  longitude.  We  Twill 
first  show  the  principles  of  the  different  projections,  and  then  apply  them  ttf ' 
our  present  purpose* 


On  the  Orthographic  Projection. 

12 11.  If  the  eye  be  supposed  to  be  at  an  indefinitely  great  distance,  so 
that  all  the  lines  drawn  from  it  to  the  object  may  be  considered  as  parallel,  and 
also  perpendicular  to  the  plane  of  projection,  the  projection  is  called  Ortho- 
graphic. 

1212.  The  figure  of  a  straight  line  AB  is  a  straight  line  in  the  projection. 
For  draw  AE^  BD  perpendicular  to  jcy  the  plane  of  the  projection,  and  join 
JEZ),  and  it  will  represent  the  intersection  of  the  plane  passing  through  EABD 
with  the  plane  of  projection  ;  draw  mn  perpendicular  to  EDj  and  n  is  the  pro- 
jection of  m  ;  thus  it  appears  that  ED  is  the  projection  of  AB.  Draw  AC 
parallel  to  £Z>,  then  ACDE  is  a  parallelogram,  and  AC  zzED;  AC  may 
therefore  represent  the  projection  of  AB.  Hence,  if  we  want  to  make  the  re- 
presentation upon  a  plane  at  a  distance  from  the  body,  it  will  be  all  the  same 
if  we  suppose  the  plane  to  touch  the  body,  the  parallelism  of  the  plane  remain- 
ing the  same. 

1213.  The  figure  of  the  projection  of  a  circle  is  an  ellipse.  For  let  A  EC  he 
a  semicircle  conceived  to  be  inclined  to  the  plane  of  the  paper,  which  we  will 
make  the  plane  of  projection ;  draw  BE  perpendicular  to  that  plane,  and  ED^ 


FIG. 
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22^  ON  TTiE '  pRiNcV^Lra '  W  'i'*3jEcrriok% 

Jdb  pctp&difctfli^'  to  the  didni^ter  AC,  imii  '-BB  'ft  *  the  t»wS'6«toil'^dP>«0 
(1212).    By  the  property  of  the  "circle,  ADxDCzrzBD^f  but  as  the  anglfr 


iVthetefbr^  an  'gm^s^JT'AMVW^'A^^         ii^pe^h,mViti^^9o}%^dti 
will  (^  the  same,  at  ^vWcVdr  distafijee  thi^drclets'f^ 


Let  O  b«  th^  center,  and  draw  OP,  OiS  t^erpendicular  to^A€}'\mk^VQniUlt 
minor  a^s;  hentie^  to  ihe'tadiliaf  6f  ti^  ibitde,  tfa6  miri6i*'axi^4k1lft''x9bUiieof 
^«  iacfination  of  the  circle' tatii^^phnd  of  p^  If  fhc^fekcHFV^)Htt!i^ 

to  iJ^e  t>l9ne  of  prdjectidh,  ttfe^'iJix^c^dh'  '^iil  h6  a  circle  eqtiaP  tblU    -^  <*  »^J 

l«14.  By  the  property  of  the'  cfllipde  ^an*  circle,  the  itei' 'i#fl0<i^thlH  «rM 
AJlCr.BD  :  JB2)::r^d.  :  cos.  BDE;  hence,  the  afea  of^dite'diteteWlll«le^«J 
miolahed  by  this  pr<ijtetioh  in  tlie  r$itio  of  radius  :  cosine  t>ftb^  kiekn^MMtt  of 
Hxe  plane  of  the  pody  to  the  plane  of  prelection.  •  And  thts^Jtai(ist^miltolftMl^ 
Ve  tive  whatever  "be  the  form  of  the  body  A  BC  (considered  att  t,  plaMe),  bddiiibsci 
eypry  line  ii\  the  body  is  to  its  coiTesponding  line  in  the  prelection  "iW  t^ 
ratio*  Also^  the  projection  is  not  similar  to  the  body.  Hence,  equal  part* 
upon  the  surface  of  a  sphere  will  not  be  projected  into  parts  eit;her  lequfd  dt 
similar.  .  *  v, » ^.  . 

1215.  If  ABC  be  perpendicular  to  the  plane  of  projection,  E  and  D  coin- 
cide, and  D  is  the  projection  of  J5;  thus  the  circle  ABC  is  pr6Jected into- ife 
diameter;  the  arc  -42?  is  projected  into  its  versed  sine  ADj  and  J5P  is'pror 
jected  into  DOy  which  is  equal  to  the  sine  of  BP^  or  the  cosine  ofAB:  If 
^5  =  60%  then  BP  =  30**,  and  AD=lDO;  these  two  arcs  therefore,  o*e-bf 
which  is  double  of  the  other,  have  their  projections  equal.  Thisr  projectidti  il 
used  in  the  construction  of  solar  eclipses.  Chap.  XXIII. 


On  the  Stereographic  Projection. 

1216.  Let  an  ^yc  be  ^tuated  any  where  upon  the  sur&ce  of  a  sphere,  and 
from  it  dr^wa  diameter,  and  perpendicular  to  this  diameter  draw  a  great  circle ) 
then  if  all  the  circles  in  the  hemisphere  opposite  to  the  eye  be  projected  upon 
that  gr^at  cif  cle  by  lines  drawn  to  the  eye,  the  projection  is  called  Stereogram 
phic^  and  the  point  opposite  to  the  eye  is  called  the  Pole. 
Fio,  1217.  Let  EQPR  be  a  sphere  whose  center  is  O,  E  the  place  of  the  eye, 
25(X  draw  the  diameter  JEOP,  and  QQR  perpendicular  to  it,  representing  the  plane 
of  projection ;  draw  ECAy  EDBy  and  join  BO.  Now  DO  is  the  projection 
of  PJ3i  but  DO  is  the  tangent  of  the  angle  DEOzz}  BOP*    Hence,  the  pro, 

1 


Oj 


.'id34^)Cp«9eWei<fl4¥f(cMa4-p3tfl^^  (iftil^.fj^uHmietw.of  a  cii;cle  described  upo^i 
tI?R?w4?«.ifW4  m  ^^Mlfm^^h^  W*t^  Wing  thpt  circle  for  it^  base,  brliw 
-B^;P3raHslito^.»i-?*^'*.ffeP  Kfij^4^lK^1.!ftere(ore  tl.c  angle  i;jyj  =  ^;ed 
^(*3  ^ji?  fiWal^l.'tft'GS}-^?^,-  tWeftre  a;;,  C^,  ^/^  feprcscijt  two  sect^^^s 
9£il^.«^nftlP9i^S^4tA^^^e^,a^,t^^Q^a'lpp,apgi^,tj^6ecLio^s  iiuist  be  simi^^r^ 
b«tiJ^(?ftftft99rf^^J«^,ff^^lfii,it|ieTefofe,t^^es?(;49ii  CD  "is  V  circle.  Hence, 
t|>fl  WV^*mp{f¥?m  ckfilei^a  ?i^plfto  ^ao  v  ,.  h  '■ .«  .  ,.  -  ,  ,  r  j  j 
\.  ^J^r  Jw  Jp(?/;ASP^G  being  tfe.,«^^riftpt§i>,j9i(:Aj(^cle'  parallel  to  tlie  plane 
<^P^'iSaccj^w%j  J^j^i^f  b^  ,the  4iani^Jte^,f^,thjRTcirj:lejiOf  projection,  whose xen". 
ter  is  d.  Hjeppe,_,1fb^  pr^jjectioni  of'a|U  circjl^  pwall^el  to  the.pIaniB  of  projectio'o 
yn\\  bjjjconpf^trip'^ircle^,  the  radii  of  ],y|ucE)  !ff9,^§  ^ai^ents  of  HaU"  the  dis- 
tW^liiAhff«fi:49p%ipt(ie  poles.  .  ,; ;., '^  "  ,  ."j  .,,,,  [  ,  ' 
.„  |i?;2p,i3^p  pfojieptjpn,  of  the  arc  QFlfi.is  ;t%;  straigjit  line  QO.R;.  and  the 
^nifrfrf.pvery  grpftt  circle  passing  throngli  ^,.,  ,'     .^ -^  . ,. 

'j.,l3U.\:  P^diipp  J30  to /,  join  £/y  and prodgce. it  tQ^meBt^.  produced 'in  K, 
i^d  bisept  p^,  in  r;  ttjen  considering  BOI  as  the  diapi^ter  of,a  circle  whose 
plane  is  inclined  to  the  plane  of  projection  in  the  angle  dOB,  tix  vnllbe  the 
diameter  of  the  projection, of  that  circle  (1316).  Now  DK=OK  +  OD=taTi. 
OEK +  taa.OEDz=tsin.^  PI  +  tan.  i  P B~cot.  is  PB +  tan.  i  PB=~    ^ 


-^  sin.  i^it 

s3  Coscc.  P,Bf=2  sec.  QB;  therefore  ^  DK^bgc.  QB.  Hence,  the  radiiig  of 
pFojectioft  .of  any  great  circle  is  the  secant  of  the  angle  between  the  plane  of 
the  circle  and  the  plane  of  projection.  From  these  four  articles  it  appears,  that 
(he  projection  of  the  parts  of  the  sphere  will  not  properly  represent  in  magni- 
tude and  situation,  the  parts  themselves. 

1222.  If  iE  be  the  pete  of  the  earth,  the  meridians  (as  they  pass  through  P) 
wiU  be  projected  into  straiglit  lines  (1220);  and  the  parallels  "to  the  equator 
will  be  projected  into  circles  whose  center  is  O  (1219).  And  if  BOI  be  the 
diameter  of  the  ecliptic,  J>K  is  its  projection  (1221).  This  is  called  the  Polar 
projection,  and  was  used  by  Ptolemy. 

1223.  If  EQPR  be  the  equator,  then  the  point  on  tlie  sphere  vertical  to  0 
will  be  the  pole,  and  BOI  will  be  the  diameter  of  any  meridian.  And  if  Q  be 
the  point  from  which  the  longitude  is  reckoned ;  then  the  prcgecUon  «f  the  ra- 
dios of  that  nteridiaa  will  be  the  secant  of  its  longitude  (I22i). 

1324.  To  find  the  projection  of  the  parallels  of  latitude,  let  EOP  represent 
the  plane  of  the  equator,  the  representation  being  a  straight  line  passing  through 
the  eye,  then  IG  is  the  diameter  of  a  parallel,  the  projection  of  which  is  HK 
=  0K-  OH  «  tan.  ^  P/-  tan.  ^  PG  =  cot.  i  £/-  tan.  ^  PG  :;^  cot.  ^  PG 
—tan.  ^  PGsbS  cot.  PG.  Hence,  the  radius  of  the  projection  of  the  parallels 
is  the  cot.  of  their  latitudes.    This  is  called  an  Equatorial  projection. 
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1225.  The  stereographic  projection  is  very  convenient  for  practice,  as  $dit 
the  circles  are  projected  into  circles  or  straight  lines,  which  are  more  easily  de- 
scribed than  any  other  figures. 


On  Mercator^s  Projection. 

FIG.  1226.  Let  P  be  the  pole  of  the  earth,  supposed  to  be  a  sphere,  £Q  the 

251.  equator,  PEj  PR  two  meridians,  vm  a  small  circle  parallel  to  jEi2,  PC  tlie 
radius  of  the  earth,  wir,  nr  perpendicular  to  it,  and  join  £C,  J?C  Then,  jwr, 
nr  being  parallel  to  ECj  JIC  respectively,  the  angle  mrn-=ECR;  hence,  by 
similar  sectors,  ER  :  mn  ::  EC  :  mr;  but  when  tlie  angle  is  given,  the  arc  of 
a  degree  is  in  proportion  to  the  radius ;  also,  the  length  of  a  degree  of  the 
great  circle  ER  is  equal  to  a  degree  of  latitude,  and  the  length  of  a  d^ree  of 
the  circle  mn  is  a  degree  of  longitude.  Hence,  a  degree  of  latitude  :  a  degree 
of  longitude  ::  EC  :  mr  ::  radius  :  cosine  of  latitude. 

1227.  In  this  projection,  the  sphere  is  projected  upon  a  plane,  and  the  me- 
ridians EPf  RP  are  projected  into  straight  and  parallel  lines ;  consequently 
P  in  the  projection  must  be  at  an  infinite  distance  from  EQ.  In  this  case,  the 
arc  mn  being  the  same  for  all  latitudes,  the  length  of  a  degree  of  longitude  is 
every  where  the  same  ;  to  preserve  therefore  the  proper  proportion  between 
the  degrees  of  latitude  and  longitude,  the  degrees  of  latitude  must  increase  as 
you  go  from  the  equator,  so  that  they  may  always  be  to  a  degree  of  longitude 
in  the  proportion  of  radius  :  cosine  of  latitude. 
FIG.  1228.  Let  P  be  the  pole,  E  the  equator,  PCQ  the  axis  of  the  earth,  C  the 

252,  center,  m  a  place  on  the  surface ;  draw  mr  perpendicular  to  PQ^  and  join  mCy 
mQ.  Put  Cm  =  r,  Em  =  cT,  Cr  (the  sine  of  Em  the  latitude  of  tw)  =^,  and  the 
length  of  Em  on  the  projection  =  z,  called  the  Meridional  Parts.       Then 

nr  .  ri/ 


(1227)  s/r'—y'^  (cos.  of  lat.)  :  rwx  :  £  =  ---.  — . ;  but.f—     .- ,;  hence, 

s/r  -y  \/r^-y 

i  =z  -~~-^  =  —  X  -r-^^,,  therefore  2:  =z  -  x  h.  1.  ?li^  -}-  cor.  =  r  x  h.  1.  v^ljli! 
r*-7/*      2      r^-y  2  r-3/  r^y 

4- cor.     But  by  plane  Trigonometry,  ^r^ ^xf-  (mr)  :  r-i-y  (rQ)  ::  r  (rad.)  : 
"^  zzr  X  ^  — i^    the  tangent  of  the  angle  rmQ  zz  cotan.  of  rQm  =, 

cotan.  of  ^  rCm  =  cotan.  of  half  the  complement  of  latitude.     Hence,  ^L — ^ 

^  cotan.  i  comp.  lat. .  consequently  .  =  r  x  h.  1.  ^"^^^  ^  "^"'"P"  ^^'^  +  cor. ;  but 
when  2  =  0,  cotan.  J  comp.  lat.  —  r;  therefore  the  last  equation  becomes  0  = 

I 

r  X  h.  1.  ^  +  cor.  =  r  x  h.  1.  1  +  cor.  =  O  +  cpr.  coiisequently  the  correctiQn 
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=:  O  i  hence,  z=irxh.l  coten,  j  comp,^  lat>  _^  ^  ^ ,  j^^  j^  ^^^^^^  ^  ^^^^p^  ^^^  _ 

■     ^    ■    .^  -ill   «   vm:   iiT.  '      I.-  .  1-  J  ■ 

r  X  h.  1.  r  the  length  of  the  meridian  Em  on  the  projection.     If  therefore  we 

take  the  latitude  =:  1°,  2°,  3® 90°,  we  can  construct  a  Table  showing  the 

length  of  the  meridian  on  the, projection  for  ev^r»y  ^^gree  of  latitude.  In  like 
manner  it  may  be  constructed  for  every  minute.  Such  a  Table  is  called  a.  Ta- 
ble of  Meridioml  Pqrt^r  .  .  ,m:        .    ,U..|    >,:;    .  ,  ;      . 

1229.  If  we  take  the  earth  of  its  tri^e  %\\i;e>  tfij^t  of  a  spheroid,  we  may 

compute  the  mqidi^i^al,  jfiarts  upon  the,  j$(^iT}^^prjpc\pl^s  ;  but  w;e  shall  not  here 
give  the  investigs^tion,  as  we  only:  want  to.  ex^plj^jn  j;he  nature  of  this  projection^ 
so  far  as  it  may  be  necessary  to  shovf.Jiow  jthe  cjh^rts  are  constructed*     If  }y^ 
a3$|im^^  Sif,  J.  ^ewton's  ratio  of  the  diami^ters  of  t^e  ear^,  fqr  50°  latitude. the. 
differepc^  of  thje  meridional  parts  on  a -sphere  and  spheroid  will  not  be  above 
t^gjgQjtht  P^irlf, of.  tl)e, whole.     It  is  manifest  that  this  prpjectioa  cannot  give, 
the  true  proportion  of  the  parts, of  the  earth  j  for  the  fig^ure  of  the  paft  Efinm,     fig. 
oii,Jthe,|)f<aj^ptiou  would  be  a  parallelogram.     It  is  however  yiery  qqnv^epient.  fpr     251. 
navigation,  because  the  rumbs  are  all  projected  into  straight  lines  j  for  the 
meridians  being  all  straight  and  parallel  lines,  the  line  which  cuts  them  all  at 
the  same  angle  must  be  a  straight  line,  which  is  the  property  of  the  rumb 
(1231). 

On  tJie  Construction  of  Maps. 

1230.  A  map  is  the  representation  of  the  whole,  or  part  of  the  surface  of  the 
earth  upon  a  plane ;  and  to  be  perfect  it  ought,  Jirstj  to  show  the  true  latitude 
and  longitude  of  every  place  ;  secondly ^  it  ought  to  show  all  countries  of  their 
proper  figures  and  magnitudes ;  thirdly ^  the  relative  situations  of  the  countries 
should  be  truly  laid  down.  But  all  these  circumstances  cannot  take  place  in 
any  construction,  as  has  been  already  observed ;  consequently  no  map  upon 
a  plane  can  be  a  true  representation  of  the  countries  upon  the  earth's  sur- 
face. 

1231.  A  Rumh  upon  the  globe  is   a  line  which  cuts  all  the  meridians  at  the 
.same  angle.     Let  EQ  be  the  equator,  P  the  pole,  PEj  PR  two  meridians,  and     ^^^« 

Jsnvo  a  rumb,  then  the  angle  Psm  =  Pmv.  Draw  the  small  circle  m7i  pa- 
rallel to  £Q,  and  conceive  PJ5J,  PR  to  be  indefinitely  near  each  other ;  then 
we  may  consider  the  triangle  smn  to  be  a  plane  one ;  hence  sni  :  sn : :  rad.  :  cos. 
nsm  ;  but  the  angle  nsm  is  constant  for  the  same  rumb  ;  therefore  sni  :  57i  in  a 
constant  ratio  ;  that  is,  as  the  rumb  approaches  the  pole,  tlie  increment  of  the 
rumb  :  the  corresponding  increment  of  its  latitude  in  a  constant  ratio; 
therefore,  componendo,  the  whole  increase  of  the  rumb  :  the  whole  cor- 
t$    llftdtDg  increase  of  latitude  in  the  same  constant  ratio.    When  therefore 


253. 
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a  ship  raus  upon  a  rumb,  and  varies  its  latitude  5^  for  instance,  if  it  continue 
on  the  samp  rumb  and  describe  the  same  space,  it  will  have  altered  its  latitude 
again  5^  In  general,  equal  parts  of  the  same  rumb  are  contained  between 
equidistant  parallels  of  latitude. 


77/e  Orthographic  Prqjection  of  Maps. 

riG.  12S2.  Let  FIG.  254.  represent  the  orthographic  prqjection  of  the  earth  upon 
254.  the  plane  of  the  meridian,  P,  p  representing  the  poles,  and  EQ  the  equator. 
Then  the  meridians  are  all  projected  into  ellipses  (1213),  whose  seminninar 
axes  0/1,  Ob^  Ocj  Od  are  ihe  cosines  of  the  distances  of  the  meridians  ftom 
PEpQ  ;  and  as  the  cosines  of  the  meridians  near  PEpQ  vary  but  very  slowly, 
those  meridians  will  be  crowded  together,  and  the  figures  of  the  countries  very 
much  contracted  in  longitude.  The  parallels  of  latitude  being  perpendicular 
to  the  plane  of  projection,  will  (1215)  be  projected  into  right  lines  in  their  pro- 
per proportion.  This  is  called  a  Meridional  projection. 
PIG.  1233.  If  the  projection  be  made  upon  the  plane  of  the  equator  EQUA^  as 

^255.  in  FIG.  255,  the  meridians  will  be  projected  into  right  lines  (1215),  and  the 
parallels  of  latitude  into  circles  concentric  with  EQUA  (1213).  But  these 
circles  diminishing  slowly  near  the  equator,  will  be  there  crowded  together, 
and  the  figures  of  the  countries  will  there  be  very  much  contracted  in  latitude. 
The  contraction  of  the  extreme  parts  of  the  map  therefore,  with  the  objections 
before  stated,  render  this  prqjection  very  unfit  for  the  construction  of  maps. 
This  is  called  an  Equatorial  prqjection. 


The  Stereographic  Prqjection  of  Maps. 

YiG.  1234.  Let  PEpQ  be  a  meridian  upon  which  the  projection  is  to  be  made^ 

256.  Pj  p,  the  poles,  EQ  the  equator,  and  E  the  point  from  which  the  longitude 
is  reckoned.  Now  the  meridians  are  projected  into  circles,  the  radii  of  which 
are  the  secants  of  their  distances  from  PEp  (1221).  Suppose  therefore  it 
were  required  to  describe  the  meridian  whose  longitude  is  60°.  Now  consider- 
ing the  radius  PO  as  unity,  the  secant  of  60°  is  2 ;  witli  an  extent  of  compass 
therefore  equal  to  2^  set  one  foot  in  P,  and  extend  the  other  to  EQ  (produced 
in  this  case),  and  with  that  point  as  a  center  describe  the  circle  Pdp^  and  it  will 
be  the  true  projection  of  that  meridian.  And  thus  all  the  required  meridians 
may  be  drawn. 

1235.  To  describe  the  circles  of  latitude,  their  radii  wiQ  be  the  cottdaigcfirtB 


» . 
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^T  die  latitude  (1284).  Let  it  therefore  be  required  to  describe  the  parallel 
t>f  60^.  Take  Ea  =r  60%  aad  with  an  extent  of  compass  ^  0,577  tiie  cotangent 
^f  ecf^  set  one  foot  in  a  and  extend  the  other  to  Pp  (produced),  and  with  that 
point  as  a  center  describe  the  circle  <u:by  and  it  will  be  the  prcgection  of  that 
parallel.  In  like  manner  may  the  other  parallels  be  drawn,  as  manj  as  may  be 
Yequired« 

1256.  Having  laid  down  the  meridians  and  parallels  of  latitude  for  this  half 
of  the  earth,  draw  another  equal  cirde  ^CCT  touching  the  former  at  Q,  and 
vpon  that  describe  the  meridians  and  parallels  of  latitude  in  like  manner }  and 
the  prelection  of  the  earth  will  be  divided  into  latitude  and  longitude ;  then 
draw  the  countries,  laying  down  the  places  according  to  their  respective  lati- 
tudes and  longitudes,  and  the  map  will  be  completed.  This  is  called  a  Me^ 
ridional  projection ;  and  is  the  method  commonly  made  use  of  in  the  construc- 
tion of  maps.  ^ 

1257.  If  the  eye  be  at  the  pole  P,  the  projection  is  made  upon  the  equator    j^g. 
EQtIA;  and  here  all  the  meridians  are  projected  into  straight  lines  (1222),     257. 
the  planes  of  the  meridians  being  all  perpendicular  to  the  plane  of  projection; 

Bnd  the  parallels  of  latitude  are  projected  into  circles  (1219),  the  radii  of  which 
are  the  tangents  of  half  the  distances  of  the  parallels  from  the  pole.  This  is 
called  an  Equatorial  projection.  The  rumb  line  ab  in  this  projection  is  mani- 
festly the  logarithmic  spiral ;  as  it  is  also  in  the  equatorial  orthographic  pro- 
jection. Here  the  parallels  of  latitude  are  crowded  together  towards  the 
poles. 

1238.  To  make  a  projection  upon  the  horizon  of  any  place,  the  eye  is  sup- 
posed to  be  opposite  to  that  place.  In  this  case,  the  pole  is  projected  within 
the  circle  of  projection,  and  its  distance  OP  from  the  center  O  is  equal  to  the  ^^ 
tangent  of  half  the  complement  of  latitude  (1217).  Tlie  meridians  are  drawn 
by  Art.  1221.  Tliis  projection  is  called  Horizontal j  and  is  represented  in  fig. 
•258. 

1239.  There  is  another  meridional  projection  called  Globular ^  which  differs 
£rom  the  above,  only  in  its  placing  the  meridians  in  the  projection  at  equal  dis- 
tances fix)m  each  other,  which  comes  nearer  to  the  nature  of  the  globe ;  and 
maps  are  frequentiy  thus  constructed^ 


258. 


Cn  Mercator's  Projection  of  Maps. 

1240.  This  projection  is  of  great  use  in  navigation,  on  account  of  its  being 
constructed  by  right  lines  only,  and  no  others  are  necessary  in  its  use.  The 
most  convenient  way  for  a  ship  in  going  from  one  place  to  another  is  alwa}rs  to 
saU  upon  one  point  of  the  compass,  or  upon  the  same  rumb  (I23l)j  and  by 

you  lu  «  h 
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means  of  this  projection  you  can  determine  immediately  what  rumb  you  are  to 
FIG*  sail  upon.  For  let  fig.  259.  represent  a  partial  nfop  of  this  construction ;  ^B 
259.  representing  4^  of  longitude,  and  -rfC  perpendicular  to  it,  4"^  of  latitude;  the 
former  degrees  are  equal,  and  the  latter  are  increasing  (1227),  and  are  to  be 
had  down  by  a  Table  of  meridional  parts  (1228).  Suppose  a  ship  wants  to  go 
from  a  in  longitude  7**  and  latitude  31°,  to  b  in  longitude  10*"  and  latitude  33**; 
and'  it  is  required  to  find  the  rumb  it  must  sail  upon.  Join  ah  and  that  is  the 
rumb  (1229).  Now  to  determine  what  rumb  this  is,  there  is  always  in  these 
jkiaps,  one  or  more  points  from  which  are  drawn  thirty-two  straight  lines  re- 
presenting the  thirty^two  points  of  the  compass,  and  you  may  easily  discover 
to  which  of  these  lines,  or  nearest  to  which,  ab  is  parallel,  and  thus  you  get 
the  point  of  the  compass  you  are  to  sail  upon.  For  this  purpose,  a  parallel 
ruler  may  be  very  useful,  laying  one  edge  to  coincide  with  abj  and  bringing 
the  other  edge  over  the  point  from  which  the  lines  of  the  compass  are  drawn» 


CHAP.  XL. 

ON  THB  USE  OF  INTERPOLATIONS  IN  ASTRONOMY. 

;  ^        f  I 

Art  1241.  If  any  quantity  var}%  and  its  valufe  at  certain  intervals  of  time  be 
known,  it  is  tlie  business  €^* interpolation. to  find  its  value,  acQurately»  w  near- 
ly so,  at  any  other  point  of  time.  In  Astronomy,  the  quantities  between 
which  we  want  to  interpolate  are  of  such  a  nature^  that  if  they  be  taken  at 
equal  intervals  of  time,  and  you  take  their  diflferences,  and  the  differences  of 
those  differences,  and  so  on,  the  last  dii&rences  will  become  accurately,  o^ 
nearly  equal  to  nothing.  Hence,  if  x  repre^f  nt  the  interval  from  the  first  time 
at  which  the  value  of  the  quantity  was  taken,,  ^x^  y  be  the  value  of  the  quan* 

tity  corresponding,  then  may  y  be  represented  by  -4  +  JB  x  a? -f  C xx  x  *—  1  + 
2>  X  a:  X  4:—  1  x  or— 2  +  &c.  for  if  we  take  r  terms,  and  for  x  write  any  equidis- 
tant set  of  numbers,  as  O,  I,  2,  S,  4,  &c.  the  r^^  differences  of  the  results,  or 
of  the  values  of  j^,  will  become  equal  to  nothing. 

For  take  two  terms,  A  +  Bx^  and  for  x  write  O,  1,2,  3,  4,  &c.  and  we  have 
these  results, 

A 

A^B 
A  +  2B 
A  +  3B 

The  first  differences  of  which,  are  J3,  and  the  second  differences =0. 


Take  three  terms,  A  +  Bx-^Cxxxx^l^  and  for  x  write  0,  1,  2,  S,  4,  &c, 
and  we  have  these  results, 


A 
A'\'B 


A'{'2B^2C 
A'^'SB'^eC 
A+4fB  +  12C 


The  first  differences  of  which  are, 

B 

B  +  2C 
B  +  4C 
J5  +  6C 
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The  second  differences  are  2C,  and  the  third  diflferences=0. 

Thus  it  appears,  that  the  last  differences  will  always  become = O. 

1242.  In  general  therefore,  let  the  successive  values  of  y  be  at,  ft,  c,  rf,  &c. 
and  let  it  be  required  to  find  the  coeflficients  Ay  J?,  C,  &c.  First,  take  the 
successive  differences  thus, 

fl,  by  €y  dy  &C. 

b-^ay         c^bj  d^Cy  Sic. 

r— 2i-ffl,      if— 2c  +  ft,    &c. 
rf— Sc-f  3ft— fl,  &c. 
&c.     &c«^ 

nd  put  P  =  ft  —  6r,  Q  =  c  —  2ft  -f  tf,  jR  =  rf  — Sc-fSft-fl,  &c.  Now  for  s 
write  O,  1,  2,  8,  4,  &c.  and  the  successive  corresponding  values  of  y  being 
fl,  ft,  c,  dj  Sec.  we  have  the  following  equations,  a=:^,ft=^+-B,  C=:^-f2B-f 

2C,  rf=^+3JS-l-6C-h6Z),&c.     Hence,  J=ia;  B-b-^a-P;  C=z^SldzlS 
^c-^b^aJl    j^^d^A^SB^GC^d^Sc^Sb^a^JR^     &c.  therefore  y 

"2  2  6  2.3  2.3  '^ 

=  a  +  P.r  +  ^ + +  &c.  where  the  Ixw  osr  con- 

2  2.3 

tinuation  is  manifest.      Hence,  if  Oy  ft,  c,  d^,  &c.  be  the  values  of  a  virable 
quantity  taken  at  any  successive  equal  intervals  of  time,  beginning  at  ayy  in- 
stant, and  if  such  be  their  law  that  their  last  differences  always  become  r=0,  we 
shall  get  at  any  intermediate  time  the  accurate  value  of  that  quantity,  because 
then   all  its  intermediate   values  follow  the   same   law  as  the  ^'alues    of  y 
from  the  equation  ;  but  if  the  differences  do  not  at  last  become  accurately  =  0, 
we  shall  then  get  only  an  approximate  value,  because  then  the  intermedi- 
ate values  do  not  follow  accurately  the  same  law,   whereas  the  values  of  y 
found  from  our  equation  must  always  follow  the  same  law,  and  therefore  the 
value  of  y  will  be  only  an  approximation  to  the  value  of  the  quantity  at  any 
intermediate  time  between  those  at  which  y  was  assumed  accurately  equal  to 
it ;  the  approximation  however  will  be  sufficiently  accurate  for  all  pnctieal 
purposes,  provided  the  differences  become  at  last  very  small,   which  is  the  case 
in  the  application- of  this  rule  to  interpolations  in  Astronomy.     The  use  of  in- 
terpolations is  therefore  to  determine  the  place  of  a  body,  or  the  value  of  a 
quantity  at  any  time,  from  knowing  the  place  or  value  at  three  or  four  times 
near  to  the  given  time.  ^ 

1 
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ms.  But  besides  the  use  of  the  above  equation  to  find  the  value  of  any 
terra  of  a  series  from  its  position  being  given,  the  converse  is  often  required^ 
that  is,  having  given  any  term  to  find  its  position  or  distance  from  the  first 
term.  In  this  case,  we  have  the  value  of  y  given  to  find  a?,  which  will  be  de- 
termined from  the  solution  of  the  equation^  which  will  rise  in  its  dimensions 
as  it  may  be  necessary  to  increase  the  number  of  terms,  and  this  depends  upon 
how  many  orders  of  differences  you  must  take  before  they  become  equal  to 
nothing. 

Example  I.  On  March,  1783,  the  sun's  declination  at  noon  at  Greenwich 
l>y  the  Nautical  Ephemeris,  was  as  follows:  on  the  19th  N.  28'.  4l"=172rs=rflf; 
on  the  20th  N.  5'  =  300"=b;  on  the  21st  aS.— 18'.  4l"=— 112l"=c/  to  find  the 
time  of  the  equinox. 

The  value  of  c  is  here  written  negative,  because  the  declination  has  passed 
through  a    Hence,  we  proceed  thus, 

1721,  300,  -1121, 

-1421,  -1421. 

Here,  a=  1721,  Pr=  — 1421;  hence, y=  1721 -1421  xa:;  now  when  the  sun 
comes  to  the  equator,^,  the  declination,  becomes  =  0,  therefore  1721  — 1421  x 
;r=o,  and  a?  =  iHi  =ld.  5h.  3\  53"  the  time  from  the  19th  ;  hence,  20tf.  5lu 
3'.  53"  is  the  time  required. 

If  at  any  place  we  observe  the  sun's  declination  for  three  or  four  days  at 
the  equinox  by  the  astronomical  quadrant,  we  may  thus  determine  the  time  at 
that  place  when  the  sun  comes  to  the  equator,  without  the  Ephemeris. 

Example  II.  To  find  the  time,  from  the  Nautical  Almanac,  when  the  sun 
entered  the  tropic  in  June,  1783. 

The  sun  enters  the  tropic  when  its  longitude  is  three  signs.  Here  y  repre- 
sents the  longitude  ;  let  us  therefore  take  three  longitudes  the  nearest  to  the 
time,  which  in  this  case  will  be  a  sufficient  number.  Now  on  the  20th  day 
the  longitude  is  2'.  28^.  55\  7%  on  the  21st  it  is  2%  29^.  59f.  21"  and  on  the  22d 
it  is  3*.  O*.  49'.  34";  but  it  will  render  the  operation  a  Kttle  more  simple,  that 
is,  the  numbers  will  be  smaller,  if  we  take  from  each  two  signs,  in  which  case 
it  is  manifest  that  y  begins  at  the  beginning  of  the  third  sign,  and  consequent- 
iy  when  tf  becomes  equal  to  one  sign  the  sun  enters  the  tropic.  Therefore  2S\ 
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55'.  7^=  104107' =3^,  29^  52.  21"=  107541"=*,  1*.  0^  ^S*.  34"=  110974" as^; 

hence; 

104107,  107541,   110974y 

8434,    S4S3) 

1, 

Here  P=3434,  and  Q=  1,  which  being  so  veiy  small  compared  with  P,  we 
may  omit  it ;  consequently  ^  =  104107  +  3434ir;  but  at  tlie  tropic,  y  =  1  sigD 
it  108000";  hence,  108000=  104107  +  3434cr,  therefore  a? =|J?i=l</.  $h,  IST. 
28"  the  time  from  the  20th  day,  and  therefore  the  Sun  enters  the  tropic  the  21(£ 

3h.  12'.  28". 

Example  III.  Given  five  places  of  a  Comet  as  follows ;  on  November  5,  at 
9h.  17'  in  Cancer  2°.  30' ii  lHO'zxa;  on  the  6th  at  Sh.  17'  in  4°.  7'=247'=:*;  on 
the  7th  at  8//.  17'  in  6°.  20'=380'=c;  on  the  8th  at  8/i.  17'  in  9^*.  l(/=560'±i!- 
d;  on  the  9th  at  8h.  17'  in  12°.  40'=760'=c;  to  find  its  place  on  the  7th  at 
14A.  17'. 

First,  subtract  Sd,  Sh.  17'  from  7d.  l4Ji.  17' and  there  remains  2d.  6A.c:2,25 
fbr  the  interval  of  time  betweeh  the  first  observation  and  the  given  time  at 
which  the  place  is  required ;  this  therefore  is  the  value  of  i*  to  which  we  want 
to  find  the  corresponding  value  of  jr;  hence, 

150,     247,     380,     550y     760, 

97,     133,     170,     210, 

36,       37,       40, 

1,         3, 

2. 

Here    P  =  97,  Q  =  S6,  i?:=:l,  5=2;  hence,  ^=  156  +  97  x  2,25  + V' x  2,25  x 
1,25  +  j^x  2,25  X  1,25  X, 25 +  ^x  2,25  x  1,25  x  ,25  x  --,755f  418',96=6°, 
58'.  57"  the  place  required. 

Example  IV.  In  October,  1788,  the  Moon^s  declination  at  noon  at  Green* 
\^ch  appears,  from  the  Nautical  Almanac,  to  have  been  as  follows ;  on  the 
9th  S.  12^  42'  =  762'=a;  on  the  10th  S.  8^  44'  =  524'  =  i;  on  the  11th  S.  4^ 
24'  =  264'=c;  on  the  12th  N.-O^  lO'zzd;  on  the  13th  N,-4^  49'=  -289' =3 
c/  to  find  tlie  declination  on  the  10th  at  6h.  80\ 
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Here  if  s  l  A  6A.  s  i»iI5  the  interval  between  the  first  given  time  and  tiuit  at 
which  the  place  ii  Tcquired  ;  hence» 

7470,  25627,  44S70,  63704, 

18157,  18743,  19334, 

.586,    591, 

^. 

The^eforey  =  7470  +  18157xl,25  +  ^xl,25x,25  =  8^24'.  18"  the  place  fe^ 
quired)  omitting  the  consideration  of  the  last  difference,  as  it  would  not  affect 
the  conclusion  i  of  a  second. 

1244.  Because  y  represents  the  velocity  with  which  y  increases  or  decreases, 

Cberefhre  to  determine  that  velocity,  take  the  fluxion  of  both  sides  of  the  equs^ 

tion  and  you  will  get  the  relation  between  ^  and  .k    Hence,  if  we  substitute 

for  i*  any  interval  of  time,  we  shall  get  the  quantity  by  which  y  would  be  in* 

xreased  in  that  time  with  the  velocity  continued  uniform. 

Exam puc  Suppose  it  were  required  to  find^  from  the  last  Example,  the  ve* 
ilocity  ^f  JMtrcwnf  on  the  1 5th  at  6A, 

Here  y  =7470  +  18157  xa- 4-293  x  a?  X4?- 1=7470+ 17864  x^ 4-293  x^*; 
hence,  jr=:  17864  x  i*  +  586  x  xx :  now  let  us  suppose  izl,  which  answers  to 
24  hours,  and  then  >=  17864  +  732  =  18596  =  5°.  9'.  56"  the  angle  that  would 
have  been  described  hy  Mercury  in  24  hours  with  the  velocity  at  the  given  time. 
Thus  we  must  proceed  in  all  other  cases  to  find  the  velocity  with  which  y  in- 
creases or  decreases. 

1245.  THien  y  becomes  a  maximum  or  a  minimum,  its  variation  is  then  in* 
finitely  less  than  that  of  .r,  for  its  fluxion  is  then  equal  to  nothing.  Now  as  our 
^equation  only  gives  an  approximate  relation  between  the  quantities  required^ 
any  small  variation  of  the  law  of  the  quantity  to  be  interpolated  from  liie  law 
given  by  the  equation,  will,  in  this  case,  produce  a  considerable  variation  in 
the  value  of  x,  or  of  the  time.  When  therefore  the  quantity  to  be  interpolated 
becomes  a  maximum  or  a  minimum,  or  near  to  it,  we  cannot  depend  upon  our 
•equation  for  giving  the  time  with  sufficient  accuracy.  For  example,  if  we  take 
three  dedinations  of  the  sun  near  the  solstice,  and  fkid  die  value  of  y  and 
snake  its  fluxion  equal  to  nothing,  we  cannot  be  certain  that  we  shall  get  the 
time  of  the  solstice  sufficiently  accurate.  Hence,  the  rule  given  by  Dr* 
Halley  for  determining  the  time  of  the  sidstice,  from  describing  a  parabola 
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circumstances  in  respect  to  their  differences,  the  reader  can  never  be  at  a  loss  to 
know  when  they  are  applicable. 


1247.  The  seriesy=-4+Br  +  Cx^x,r— 1+D  x  xx  a:— 1  x  a? — 2  +  &c. 
is  of  the  same  kind  as  this,  ^=:  P  -f  Q^  +  itr^  +  Shfi  +  &c.  for  by  actually  multi- 
plying the  Actors,  and  collecting  the  coefficients  of  the  like  powers  of  s^  and 
putting  P^A  the  absolute  term,  Q,  jR,  5,  &c. =the  sum  of  all  the  coefficients 
of  .r,  0?%  jp*j  &c.  the  former  series  becomes  yzr  P  +  Qa^  -{-  Rx*  +  Sx^  +  &c.  This 
we  may  consider  as  an  equation  to  a  parabolic  curve  whose  abscissa  is  PW 

no.  r=  Xj  and  ordinate  WH±if.  The  interpolation  therefore  of  the  terms  of  this 
24  !•  series  is  the  same  as  the  interpolation  of  an  ordinate  of  this  curve,  having 
given  any  number  of  ordinates.  If  two  ordinates  be  given,  we  assume  y=:jP 
+  Q«r,  the  equation  being  a  straight  line  passing  through  the  extremities ;  if 
tiiree  ordinates  be  given,  we  assume  y = P  +  Q.r  +  Rx^;  and  if  there  be  n  ordi- 
nates given,  we  assume  y=:P  +  Qr  +  iZar^  +  &c.  to  n  terms;  because  we  then 
have  n  given  values  ofy  and  n  corresponding  given  values  of  x  ;  by  substituting 
therefore  in  the  equation  successively  the  corresponding  values  of  y  and  Xy  we 
get  n  equations  and  n  unknown  quantities  P,  Q,  JS,  &c.  from  whence  these 
quantities  may  be  found.  Thus  we  may  describe  a  parabolic  curve  passing 
through  n  given  points,  that  is,  we  can  find  the  equation  of  the  curve  which  shall 
pass  through  those  points. 

1248.  To  find  the  area  of  this  curve,  we  have  yx  =  Pk  +  Qxx  +  Rx^x 
+  Sx^x  +  &c.  whose  fluent  is  Pa?  +  ^  Q*c*  +  ^  Rx^  +  \  Sx^  +  i&c.  =  the 
area. 

Let  the  intervals  of  the  ordinates  AP^  BQ,  CjR,  DSy  &c.  be  unity,  that  is,  let 
a?=0,  1,  2,  3,  4,  &c.  and  the  corresponding  ordinates  be  «,  i,  c,  rf,  ^,  &c.  Thea 
'  firom  the  equation y:::^P'^Qx  +  Rx*  +  Sx^  +  &c.  if  we  take  x:=z  1-,  there  are  two 
ordinates  APj  BQj  and  we  take  two  terms;  if  we  take  a? =2,  there  are  three 
ordinates  AP^  BQ^  CRy  and  we  take  three  terms ;  &c.  Hence,  we  have  the 
following  cases. 

^  Case  I.    For  two  ordinates. 

Here  *=1,  d=.P,  b=P  +  Q^  therefore  Qzzb-a;  and  the  area  ^PQJBsii  a 

Case  II.    For  ihree  ordinates. 

Here  «•=  2,  and  a  =  P 

i=P  +  Q  +  iJ 
c=P  +  2Q  +  4iJ 
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therefore        b^a^Q  +  R  '  r  ■ 


hence,  c— 26  +  a=2J8 

and  |c— ft+^arrjR 


consequently  Q  =  ft^fl— ^=  —la  +  2J— ^c 


Hence,  the  area  APRC=^2a  + 1  x  —la  +  86— fc  x  4  +  J  x  ic— 6  +  ia x  8=:fa 
+  ib  +  ^c.    This  is  the  case  in  Art.  1 142. 

Case  III.    For  Jour  ordinates. 

HereiTsS,  and        a=P 

ft  =  P  +  Q  +  jB  +  5^ 
c=P  +  2Q  +  4i?  +  85 


therefore,  6 — flf = Q  +  iJ -f  *? 


hence,      c— 26  +  a=2jR  +  65 
rf—2c  +  6=2i2  +  l2S 

therefore,  rf—  Sc  +  3b—a=z6S 
and  5=— ia  +  ^ft— ^c  +  id 

hence,      jB=^c— ft  +  ^a-SiSria-lft  +  a?— |-rf 
Q=ft_fl«i2-,5'= -12.  a  +  3J-i  c+irf 


Therefore  the  area  APSD-  Sa  +  j^x  —  y-g  +  86  —  Ic  +  f  rf  x  9+  |x 
a-f  6  +  2c-irfx27+ix  -ia  +  ^  i-^c  +  irfx  81=:f  a+f  6+f  c+4  dl 

Thus  we  may  proceed  for  any  number  of  ordinates. 
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ihc  time  of  this  prince,  that  the  Greeks  had 

:  s  of  Egypt     It  is  therefore  no  wonder  that 

impose  upon  them  fictitious  accounts  of  their 

\\\c  creation  according  to  the  account  of  Moses* 

111    Year  very  well  promoted  their  views;  which, 

i-ually  signified  the  apparent  annual  revolution  of  the 

i'.cnnt  a  revolution  in  general,  and  was  used  for  that  of 

iiiCH  says,  "  the  Egyptian  year  was  a  month;"  he  adds 

.  it's  it  consisted  of  four  months."     And  Censorinus  says, 

ILiidem,  antiquissimum  ferunt  annum  bimestrem  fuisse;  post 

Iji^  .  liege  quadrimestrem  &ctum,  novissim^  Arminon  ad  tredecim 

gjll^  .s  quinque  perduxisse."     At  what  distinct  times  these  several 

ihe  length  of  the  year  were  made,  would  be  an  enquiry  not  to  our 
rpose ;  the  Egyptians  however,  to  impose  upon  the  Greeks,  would 
d\y  take  the  shortest  time  for  the  year,  that  of  a  month.     And  this 
so  render  the  heathen  chronolog}*^  subject  to  great  uncertainty. 
j  1 .  The  Egyptians  appear  to  have  studied  Astronomy  very  early ;  but  the 
^sure  of  their  year  being  for  a  considerable  time  subject  to  very  different 
iigths,  caused  great  confusion  in  their  chronology.     The  Thebans,  who  pass- 
4  into  Egypt,  are  supposed  to  have  been  the  first  who  cultivated  Astronomy 
diere.     They  established  a  year  of  360  days ;  but  it  was  soon  found  necessary 
to  add  fi\'e  days  more.     They  seem  to  have  founded  their  observations  upon 
tb^  heliacal  rising  of  Sirius ;  for  observing  the  interval  between  two  days  in 
which  Sirius  thus  rose,  they  determined  the  length  of  the  year.     But  it  was  af- 
terwards discovered  that  by  making  the  year  to  consist  of  365  days,  Sirius  rose 
later  every  year  by  six  hours.  They  then  made  the  year  to  consist  of  365i  days. 
Thp  year  however,  so  far  as  regarded  their  religious  ceremonies,  still  consisted 
of  S65  days.     Making  therefore  these  two  years  to  begin  together,  they  would 
not  coincide  again  till  after  four  times  365  yeara,  or  1460  years.     This  was 
called  the  Sothiacal  period.  Mr.  E.  Barnard  says,  that  the  Eg3rptians  discovered 
that  the  stars  had  an  annual  motion  of  5(f.  9*".  45**  in  a  year  fPhil.  Tram.  N**. 
1 58).  According  to  Macrobius,  the  Egyptians  made  the  planets  revolve  about 
the  sun  in  the  same  order  as  we  do ;  but  it  does  not  appear  at  what  time  the 
planets  were  discovered.     He  also  says,  that  they  divided  the  zodiac  in  the 
-Mine  manner  as  the  Chaldeans  did  ;  and  fixed  the  commencement  at  the  first 
degree  of  Aries.     Diodorus  Siculus  says,  that  the  Egyptians  discovered  that 
the  planets  had  sometimes  a  direct  and  sometimes  a  retrograde  motion,  and 
lliat  they  were  sometimes  stationary.     He  also  asserts,  that  they  made  the  sun 
move  in  a  circle  inclined  to  the  equator,  and  in  a  direction  contrary  to  the  di- 
urnal motion.     The  idea  of  dedicating  the  seven  days  of  the  week  to  the  pla- 
aeti  is  also  ascribed  to  them.    Diogei^es  Lasrtius,  from  Manetho,  says,  that 

6 


246  THE  HI8T0RT  OF  A8TB0KOMT. 

the  Egyptians  believed  the  earth  to  be  spherical,  and  that  the  moon  was ' 
eclipsed  by  fidling  into  the  earth's  shadow.  They  attempted  to  measure  thd 
diameter  of  the  sun,  by  observing  the  motion  of  the  shadow  of  the  gnomon*iil 
the  time  the  body  of  the  sun  was  ascending  above  the  horizon.  The  discovery 
of  the  planets  and  their  motions  we  may  consider  as  a  proof  of  the  early  arrange- 
ment of  the  stars  into  constellations ;  as  it  must  be  by  comparing  the  places  of 
the  planets  with  the  fixed  stars,  that  their  motions  could  be  discovered. 

1252.  When  Alexander  took  Babylon,  Callisthenes  found  that  the  iliost 
ancient  observations  made  by  the  Chaldeans  were  not  above  190S  years  before 
that  time,  which  carries  them  to  about  the  time  of  the  diq^ersion  of  mankind 
by  the  confusion  of  tongues.  These  observations  are  supposed  to  have  been 
made  in  the  temple  of  JuprrER  Belus  at  Babylon.  M.  Gouet  however  thinki 
this  account  is  not  to  be  depended  upon,  as  it  was  first  published  by  Siicpucnrs 
in  the  sixth  century,  who  took  it  from  Porphyry  ;  and  Hipparchus  and  Proi 
LEMY,  who  lived  long  before,  knew  nothing  of  them,  though  they  made  a  very 
diligent  search  afler  the  writings  of  the  ancient  Astronomers.  They  met  witii 
no  observations  made  at  Babylon  before  the  time  of  Nabokassar,  who  b^an 
to  reign  in  the  year  747  A.  C.  Epigenes  speaks  of  Babylonian  observations 
for  the  space  of  720  years.  Berosus  allows  them  to  have  been  made  480  yeais 
before  his  time,  which  carries  them  back  to  746  A.  C.  and  this  is  in  some  mea- 
sure  confirmed  by  the  oldest  eclipses  which  are  recorded  by  Ptolemy,  one  of 
which  is  mentioned  to  have  happened  721  years  A.  C.  and  two,  720  A.  C 
About  this  time,  the  Babylonians  sent  to  Hezekiah  to  enquire  about  the  sha- 
dow's going  back  on  the  dial  of  Ahaz.  The  period  of  22S  lunar  months,  com- 
prehending 6585i  days  according  to  the  Chaldeans,  make  the  periodic  time  of 
the  moon  to  be  27rf.  7A.  43'.  IS",  and  its  synodic  time  to  be  29rf.  12A.  44'.  T. 
They  moreover  determined  its  motion  not  to  be  uniform,  but  to  be  somethii^ 
more  than  11°  in  a  day  and  less  than  12®  when  it  moves  slowest,  and  something 
more  than  IS®  and  less  than  16®  when  it  moves  quickest;  and  the  mean  daily 
motion  they  fixed  at  IS®.  10'.  S5\  It  does  not  appear  by  what  methods  they 
determined  these  matters ;  but  it  is  probable  that  it  was  fi-om  observing  the 
path  of  the  moon  by  the  fixed  stars ;  for  there  are  stars  called  by  the  Arabs, 
Mindzil  AUKamar^  or  Mansions  qf  the  Moony  by  which  is  meant,  such  stars 
as  the  moon  approaches  at  night  in  the  course  of  its  revolution.  They  were 
twenty-eight  in  number,  the  latitudes  and  longitudes  of  which  are  given  by 
Ulugh  Beigh.  It  is  also  asserted  by  Ptolemy,  that  they  were  acquainted 
with  the  motion  of  the  nodes  and  apogee  of  the  moon ;  and  they  supposed  the 
former  made  a  revolution  in  ISy.  I5d.  Sh.  which  period,  containing  22S  com- 
]dete  lunations,  is  usually  called  the  Chaldean  Soros.  The  22S  lunations  they 
reckoned  to  contain  65S5d.  Sh.  And  if  we  take  the  period  of  the  moon  as  now 
determined,  they  would  make  6S85d.  Ih.  43',  which  shows  how  very  neaily 
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the  Chaldeans  had  determined  the  synodic  revolution  of  the  mocm.     This  pe- 
riod completes  the  revolution  in  respect  to  the  node  and  apogee.    The  know- 
ledge of  this  might  probably  enable  them  to  foretel  eclipses,  at  least  those  of 
the  moon.     Aristotle  informs  us,  that  the  Chaldeans  made  observations  on 
the  oqcultations  of  the  fixed  stars  and  planets  by  the  moon ;  from  which  they 
were  led  to  conclude,  that  an  eclipse  of  the  sun  was  caused  by  the  moon.  And 
DiODORUs  SicuLUs  spcaks  of  their  having  observed  clomets,  which  they  held  to 
>e   lasting  bodies,  having  revolutions  like  the  planets,  but  in  more  extensive 
>rbits.     The  same  author  also  says,  that  ^'  the  southern  parts  of  Arabia  are 
nade  up  of  sandy  plains  of  a  prodigious  extent ;  the  travellers  through  which 
lirect  their  course  by  the  Bears^  in  the  same  manner  as  is  done  at  sea.''     It 
ippears  therefore  that  the  inhabitants  were  acquainted  with  some  of  the  con- 
<rt;eUations.     The  Phoenicians  were  probably  the  first  people  who  sailed  by  the 
liars.    He  further  observes,  that  the  Chaldeans  made  the  annual  motion  of  the 
sun  oblique  to  the  ecliptic,  and  contrary  to  the  daily  motion.     Dialling  was 
also  first  known  amongst  them,  and  long  before  any  thing  upon  that  subject  is 
related  by  the   Greeks.     Herodotus  says,   that   the   Greeks  borrowed  the 
use  of  the  Pok  and  Gnomon^  and  the  method  of  dividing  the  day  into  twelve 
parts,  from  the  Babylonians.     The  gnomon  seems  to  have  been  the  most  an- 
cient astronomical  instrument.     The  Chaldeans  made  thirty-six  constellations ; 
twelve  in  the  zodiac,  and  twenty-four  without.     They  also  made  an  observa- 
tion on  Saturn  in  the  year  228  A.  C.  which  is  preserved  by  Ptolemy,  and  it 
appears  to  be  the  only  one  which  they  made  on  the  planets.    The  distance  was 
measured  by  digits,  of  which  24  made  a  degree.     They  observed  that  the  sun, 
moon  and  planets  passed  through  the  twelve  signs ;  the  sun  in  a  year,  the  moon 
in  a  month,  and  that  the  planets  had  their  particular  periods.     They  placed 
tlie  moon  below  all  the  stars  and  planets  ;  made  it  the  least  of  all ;  placed  it 
nearest  to  the  earth,  and  made  the  time  of  its  revolution  the  least,  according 
to  Diodorus  SicuLUS.     Tlieir  civil  year  consisted  of  3651  days ;  and  Alba- 
TEGNius  relates,  that  the  Chaldeans  made  the  sidereal  year  S65d.  6h.  1 1'.  They 
fi:)rmed  some  idea  of  the  magnitude  of  the  earth ;  for  they  discovered,  it  is 
said,  that  a  man,  walking  a  good  rate,  might  follow  the  sim  round  the  earth, 
that  is,  he  might  make  the  tour  of  the  earth,  in  a  year.     Now  if  we  allow  a 
good  rate  to  mean  three  miles  in  an  hour,  then  there  being  8760  hours  in  a 
year  of  365  days,  the  circumference  of  the  earth  would  be  26280  miles,  which 
does  not  difier  a  great  deal  from  the  truth.     Respecting  the  Chaldean  Astro-, 
nomers,  history  gives  us  but  a  very  little  information.     Berosus  is  supposed 
to  be  the  oldest,  from  a  very  absurd  opinion  of  his  respecting  the  phases  of 
the  moon  and  its  eclipses.     According  to  him,  the  moon  is  a  globe  having 
one  side  luminous,  and  the  other  side  a  sky  blue.   At  what  time  he  lived  is  un« 
certain. 
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On  the  Astronomy  qf  (he  Chinese  and  Indians. 

1253.  M.  Baillt  states,  that  the  first  king  of  the  Indies  lived  aboat  SSSS 
years  before  our  ssra ;  this  is  a  little  more  than  400  years  before  their  astroiKv- 
mical  epoch,  which  is  supposed  by  M.  le  Gentil  to  be  3101  A.C.  Their 
zodiac  had  two  different  divisions,  one  of  twenty-eight,  and  another  q£  twelve ; 
and  they  divided  their  zodiac  into  twenty-seven  constellations;  they  also  had  a 
moveable  zodiac,  to  explain  the  precession  of  the  equinoxes,  the  motion  of 
which  they  stated  at  54"  in  a  year,  and  the  entire  revolution  in  24000  yeanu 
This  discovery  they  appear  to  have  made  about  the  year  2250  A.C.  They  re- 
gulated their  chronology  by  periods  of  60  years ;  but  in  their  astronomical  cal- 
culations, they  employed  the  period  of  3600  years,  which  is  six  times  the  luni- 
solar  period.  The  Brahmins  were  acquainted  with  the  obUquity  of  the 
ecliptic ;  and  they  constructed  Tables  showing  the  increase  of  the  days  arising 
from  the  change  of  the  sun's  declination,  for  different  latitudes.  M.  le  Gentil 
found  that  according  to  these  Tables,  the  obliquity  of  the  ecUptic  must  have 
been  more  than  25®.  They  have  a  Table  of  the  time  which  the  sun  employs 
to  move  through  each  sign  of  the  ecliptic.  The  sign  in  which  it  moves  slowest 
they  make  Gemini,  and  that  in  which  it  moves  quickest  is  Sagittarius.  The 
apogee  of  the  sun  was  therefore  less  advanced  by  a  sign  when  these  Tables 
were  constructed  than  it  is  now ;  this  carries  their  construction  back  to  the  year 
78  of  our  8sra;  at  which  time  died  Salivagena,  one  of  their  kings,  who  was  a 
great  encourager  of  Astronomy.  They  applied  also  to  the  sun  a  correction 
which  answers  to  our  equation  of  the  center,  being  subtractive  in  the  first  six 
signs  of  anomaly,  and  additive  in  the  last  six;  the  greatest  subtractive  is  25^, 
and  answers  to  20°  of  Gemini ;  and  the  greatest  additive  is  11',  and  answers  to 
20®  of  Sagittarius ;  this  seems  to  have  been  the  joint  effect  of  two  different 
corrections.  The  Brahmins  also  made  use  of  the  gnomon  ;  and  got  a  meridian 
by  describing  concentric  circles,  in  the  manner  we  do.  By  this  they  also  found 
the  latitude  of  the  place  from  the  length  of  its  shadow  at  the  day  of  the  equi- 
nox. In  the  reign  of  d'HoANo-Ti,  2697  years  A.  C.  the  Chinese  had  invented 
and  constructed  a  sphere,  with  the  various  circles  belonging  to  it.  In  a  bode 
written  in  the  reign  of  Yao,  about  2332  years  A.C.  we  collect  the  following  cir- 
cumstances:  1st.  Hi  and  Ho  (two  Astronomers,  who  were  charged  with  com- 
posing a  calendar  for  the  people  to  regulate  their  husbandry)  observed  the 
places  of  the  sun,  moon  and  stars,  and  instructed  the  people  with  respect  to  the 
seasons.  2dly.  The  equality  of  days  and  nights,  and  the  star  Niao^  determin- 
ed the  spring  equinox.  3dly.  The  quality  of  days  and  nights,  and  the  star 
HiUy  marked  the  autumnal  equinox.  4thly.  On  the  longest  day,  the  star  Ho 
marked  the  summer  solstice.     5thly.  On  the  shortest  day,  the  star  Mao  mark* 
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ed  the  winter  solstice.  6thly.  One  year  consisted  of  366  days,  and  three 
years  of  365  days.  And  by  speaking  of  a  lunar  intercalary,  they  mast  also 
have  had  a  luni-solar  year.  The  Brahmins  placed  the  earth  in  the  center  of  the 
world,  with  the  seven  planets  revolving  about  it;  but  they  do  not  appear  to 
have  been  acquainted  with  its  diurnal  motion.  The  earth  they  placed  upon  a 
mountain  of  gold;  they  thought  the  stars  moved,  and  the  planets  they  called 
fishes,  because  they  moved  in  the  ether,  as  fishes  do  in  water.  These  absurd* 
ities  show  the  great  antiquity  of  their  Astronomy.  M.  Baillt  speaks  of 
their  Tables  as  being  probably  5  or  6000  years  old.  M.  le  Gentil  thinks, 
that  the  Indians  perceived  that  their  Tables  wanted  a  correction ;  because  at 
the  time  when  they  calculated  the  mean  longitude  of  the  sun  and  moon,  they 
subtracted  from  it  a  constant  quantity,  which  was  probably  the  correction  of 
their  epoch,  and  which  they  discovered  by  comparing  their  calculations  with 
their  observations  in  conjunction  and  opposition,  the  points  where  they  wanted 
them  to  agree,  for  the  purpose  of  calculating  their  eclipses.  It  is  conjectured 
that  this  correction  was  made  about  the  year  78,  at  which  time  their  Astronomy 
underwent  a  great  reform.  In  the  year  2952  A.  C.  reigned  Fohi,  the  first 
emperor  of  China ;  and  he  appears  to  have  been  the  first  who  composed  astro* 
nomical  Tables,  and  gave  the  figures  of  the  heavenly  bodies,  llie  solstices 
seem  to  have  been  known  at  that  time,  ias  that  emperor  every  year  sacrificed 
an  animal  at  the  time  of  each  solstice.  His  successor  added  a  feast  at  each  ' 
equinox.  Under  the  reign  of  Hoano-ti,  2697  A.  C.  Yu-chi  observed  the 
pole  star,  and  the  constellations  about  it.  He  also  constructed  a  sphere,  witii 
several  fixed  and  moveable  circles.  And  it  is  said,  that  he  made  many  expe- 
riments upon  the  weather  and  the  air.  About  the  same  time,  the  circle  of 
60  years  was  established.  Hoano-ti  was  the  author  of  many  instruments  to 
observe  the  stars;  and  also  of  an  instrument  to  find  the  cardinal  points,  with- 
out any  reference  to  the  heavens ;  this  must  have  been  the  compass.  Traces  of 
this  are  found  1400  years  after.  The  same  prince  instituted  a  society  of  ma- 
thematicians, and  of  historians.  The  emperor  Chueni,  in  the  year  2513  A.  C. 
composed  an  Ephemeris  of  the  motions  of  five  planets;  and  it  is  said,  that  he 
was  raised  to  the  empire  for  his  knowledge  in  Astronomy.  Under  the  reign  of 
Chou-kano,  2169  years  A.  C.  happened  an  eclipse,  which  is  the  most  ancient 
we  have  any  records  of.  From  the  reign  of  this  prince  to  the  year  776  A.  C. 
history  makes  no  mention  of  any  eclipse  having  been  observed.  From  the 
jrear  480  A.  C.  to  206  A.  C.  Astronomy  was  almost  entirely  neglected;  the  . 
«mpire  was  divided  into  small  states;  and  the  society  of  mathematicians  was 
destroyed.  Tsin-chi-hoang  united  again  the  states,  and  formed  one  great 
empire;  and  in  the  year  246  A.  C.  he  collected  the  historical  and  mathematical 
^vrorks  and  burned  them.  But  the  study  of  Astronomy  revived  again  under 
XuBOK-PAMG  in  the  year  206  A.  C.    About  soo  years  before  our  sera,  the 
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Chinese  made  their  year  365^  days.  The  period  of  the  moon  they  knew 
within  20"  or  SO" ;  but  they  had  a  very  inaccurate  knowledge  of  its  revolution 
in  respect  to  the  nodes ;  and  in  respect  to  that  of  the  apogee,  tliey  seem  ta 
have  been  altogether  unacquainted.  At  the  same  time  they  had.  a  method  df 
calculating  eclipses.  In  the  year  104  A.  C.  Sse-ma-tsien  and  LoH'rA-HONO 
formed  precepts  for  calculating  the  motions  of  the.  planets,  and  eclipses.  .  At 
that  time  they  made  tlie  obliquity  of  the  ecliptic  23°.  39'.  Towards  the  year 
90  J.  C.  tlie  emperor  Tchang-ti  corrected  the  calendar,  having  found  tiiat 
the  solstice  had  gone  back  5°.  About  the  year  164  J*  C.  Tcuang-hemg  made 
a  catalogue  of  2500  stars,  which  is  now  lost.  Iri  the  year  206  J.  C.  Lieou* 
HONG  apd  TsAY-YONG  discovercd  that  the  moon's  motion  was  not  uniform,  but 
subject  to  an  inequality,  the  maximum  of  which  was  4**.  55'.  41*;  and  they 
made  the  obliquity  of  its  orbit  to  be  about  6°.  They  knew  the  solar  year  to 
be  a  little  less  than  365^:  days;  and  they  determii>ed  the  revolution  of  the 
moon  in  respect  to  its  apogee  to  be  27c?.  13//.  16'.  50^'.  In  the  year  2M, 
KiANG-Ki  determined  the  true  place  of  the  sun  by  means  of  eclipses  of  the 
moon.  About  the  year  460,  Tsou-chong  determined  the  motion  of  the  stars 
to  be  1°  in  46  years.  Lieou-hiao-tsun  and  Lieou-tcho,  about  the  year  584, 
employed  the  first  equation  of  the  inequality  of  the  sun.  Y-hang,  who  lived 
about  the  year  720,  made  the  sun's  inequality  2®.  2l'.  30".  He  also  deter- 
iliined  the  time  of  Jupiter*s  revolution  ;  and  made  tlie  latitude  of  Sirius  39°. 
25'.  30^  In  the  year  822,  Su-gano  explained  the  parallax  of  longitude,  and 
diowed  its  use  in  calculating  solar  eclipses.  Towards  the  year  1280,  the 
Chinese  erected  a  gnomon  of  40  feet;  from  the  observations  of  which  by 
Co-CHEou-KiKG,  they  found  the  obliquity  of  the  ecliptic  to  be  23**.  33'.  40"; 
and  if  this  be  corrected  by  refraction  it  becomes  23®.  34'.  36".  It  is  said,  that 
tliis  Astronomer  was  the  first  amongst  them  who  understood  any  thing  of 
spherical  Trigonometry.  He  also  invented  a  method  of  calculating  solar 
eclipses. 

1254.  For  our  first  knowledge  of  the  modern  state  of  Astronomy  in  India, 
we  are  indebted  to  M.  la^LotiBERE,  who  returning  in  1687  from  an  embassy  t6 
Siam,  brought  with  him  a  Siamese  manuscript,  containing  Tables  and  rules  for 
calculating  the  places  of  the  sun  and  moon ;  these  were  put  into  the  hands  of 
Cassini,  to  be  explained.  After  that,  two  other  sets  of  Astronomical  Tables 
were  sent  to  Paris  from  Hindostan.  But  for  the  best  information  of  the  btatc 
of  the  Indian  Astronomy,  we  are  obliged  to  M.  le  Gentil,  who  went  to  India 
to  observe  the  transit  of  Venus  in  1769;  and  who,  during  his  stay  there,  ac* 
quired  a  knowledge  tliereof.  They  appear  to  have  no  theory,  but  content 
themselves  with  calculations,  particularly  of  tlie.  eclipses  of  the  sun  and  moon. 
A  Brahmin  of  Tirvalore  instnicted  M.  le  Gentil  in  the  metJiod  of  calculating 
eclipses^  and  communicated  to  him  the  Tables  and  rules  for  that  purpose^ 
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which  he  published  in  the  Mem.  de  CJcad.  Roy.  desSden.  1772.  They  divide 
the  zodiac  into  27  constellations ;  and  the  ecliptic  into  twelve  signs,  of  30"^ 
^ach ;  and  make  the  annual  precession  of  the  equinoxes  to  be  54\  Tlieir 
year  begins  at  the  beginning  of  their  moveable  zodiac.  The  epoch  of  the  Ta- 
bles of  Siam  is  for  the  year  6S8  of  our  sera,  as  determined  by  Cassini.  The 
lengtli  of  their  sidereal  year  is  S65d.  6/i.  1^.  36',  and  that  of  the  tropical  is 
S65d.  5k.  50'.  41".  These  Tables  have  a  correction  of  .the  sun's  mean  place, 
answering  to  our  equation  of  the  center,  the  maximum  of  which  is  2"^.  12' ; 
and  it  is  made  to  vary  as  the  sine  of  the  mean  distance  from  the  apogee,  which 
they  make  80^  from  the  beginning  of  the  zodiac.  The  motion  of  the  moon 
is  deduced,  by  certain  intercalations,  from  a  period  of  19  years.  The  moon's 
apogee  is  supposed  to  have  been  in  the  beginning  of  the  moveable  zodiac 
621  days  after  the  epoch  of  March  21,  638,  and  to  make  a  revolution  in 
8232  days.  The  first  of  these  suppositions  agrees  with  Mayer's  Tables  to  less 
than  1^,  and  the  second  differs  from  them  only  11  A.  14.  31'.  The  Siamese 
rules,  which  calculate  only  for  conjunctions  and  oppositions,  give  but  one 
inequality  to  the  moon,  the  maximum  of  which  is  4^  56',  and  is  applied 
when  the  moon  is  90°  from  the  apogee ;  in  other  situations,  the  equation  is 
as  the  sine  of  tiie  moon's  distance  from  the  apogee.  These  Tables  go  no 
further. 

1255.  Another  set  of  Astronomical  Tables  were  sent  from  Chrisnabouram, 
a  town  in  the  Camatic,  about  the  year  1 750.  They  are  fifteen  in  number, 
and  contain,  besides  the  mean  motions  of  the  sun,  moon  and  planets,  the  equa- 
tions of  the  center  of  the  sun  and  moon,  and  two  corrections  for  each  of  the 
planets.  They  are  accompanied  with  rules  and  examples.  The  epoch  of  these 
Tables  answers  to  March  10,  1491,  when  the  sun  was  entering  the  moveable 
zodiac.  The  equation  of  the  sun's  center  is  2®.  10'.  SO",  and  of  the  moon's 
5*^.  2'.  47*}  and  the  indination  of  the  orbit  is  4^  30' ;  also  the  motions  of  the 
apogee  and  node  are  very  nearly  true.  Another  set  of  Tables  were  also  sent 
about  the  same  time,  probably  from  Narsapour,  as  that  place  answers  to  the 
length  of  the  day  there  given ;  these  do  not  materially  differ  from  the  last 
mentioned. 

.  1256.  The  Tables  and  methods  of  the  Brahmins  of  Tirvalore  differ  in  many 
respects  from  those  above  described  j  they  suppose  however  the  same  lengtli 
of  the  year,  the  same  mean  motions,  the  same  inequalities  of  the  sun  and  moon, 
and  are  adapted  nearly  to  the  same  meridian.  The  epoch  however  goes  back 
to  3102  A.  C.  ITic  solar  year  is  divided  into  twelve  unequal  months,  each 
being  the  time  the  sun  is  moving  through  a  sign ;  and  in  their  calculations  for 
a  day,  they  employ  the  time  the  sun  moves  1^  in  the  ecliptic.  The  sidereal 
year  consists  of  365d.  6Ji.  12'.  30",  and  the  tropical  of  S65d.  5h.  50'.  35^. 
The  Brahmins  make  the  obliquity  of  the  ecliptic  24%  which  at  the  timeof  tlieir 
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epoch  differed  very  little  from  the  truth.  Thej  assign  two  ineqjtialities  to  the 
motions  of  the  planets,  answering  very  well  to  the  annual  parallax  and  the 
equation  of  the  center.  These  Tables  have  their  radical  places  fgr  the  year 
1491,  of  our  aera.  The  equation  oi  Saturn^ %  center  is  7°.  89'.  44%  which  agrees 
very  well  with  what  it  ought  to  have  been  at  their  epoch  3102  A.  C.  M.  de  la 
Place  says,  ^^  I  find  by  my  theory,  that  at  the  Indian  epoch  of  3102  A.  C. 
the  apparent  and  annual  mean  motion  o£  Saturn  was  12^.  13".  14%  and  &e  In* 
dian  Tables  make  it  12^  13'.  13%  And  that  the  annual  and  apparent  mean 
motion  of  Jffpi/^  at  that  epoch  was  30^.  20'.  42%  precisely  as  in  the  Indian 
Astronomy."  From  various  agreements  of  this  kind,  there  is  the  hi^est  de* 
gree  of  probability  that  the  Indian  Astronomy  is  as  ancient  as  it  is  stated  to  be 
by  the  Brahmins*.  In  the  Phil.  Trans.  1777,  the  reader  will  find  an  account 
of  the  Brahmins'  observatory  at  Benares,  by  Sir  Robert  Barker.  See  also  an 
account  of  the  chronology  of  the  Hindoos,  by  W.  Marsden,  Esq.  in  the  PhU. 
Trans.  1790 ;  and  Mr.  Cavendish  on  the  civil  year  of  the  Hindoos,  in  the  same 
work  for  1 792. 


On  the  Astronomy  of  the  Greeks  to  tlie  time  of  Ptolemy. 

1 257*  It  is  agreed,  that  the  Greeks  borrowed  their  knowledge  of  Astronomy 
from  the  Egyptians  and  Chaldeans.  Plutarch  relates,  that  about  the  time  of 
Hesiod,  the  sciences  began  to  unfold  themselves  ;  but  the  progress  which  they 
made  was  very  slow  until  the  time  of  Thales,  about  600  years  before  the 
Christian  sera.  That  philosopher  rendered  himself  famous  by  foretelling  an 
eclipse  of  the  sun ;  he  however  only  predicted  the  year  in  which  it  would  hap- 
pen ;  and  this  he  was  probably  enabled  to  do  by  the  Chaldean  SaroSy  a  period  <rf 
223  lunations,  afler  which,  the  eclipses  return  again  nearly  in  the  same  order. 
He  also  explained  the  nature  of  eclipses ;  and  was  the  first  Greek  who  went 
into  Kgypt  for  improvement.  He  is  said,  by  Hierontmus  in  Diogenes  Laer* 
Tius,  to  have  discovered  the  year  to  consist  of  365  days ;  this  he  might  have 
got  from  the  Egyptians ;  but  Laertius  seems  to  give  a  reason  to  the  contrary, 
for  he  says,  that  "  he  first  found  out  the  transit  from  the  tropic  to  the  trope, 
and  was  the  first  who  called  the  last  day  of  the  month  the  thirtieth.'*  He  is 
said  by  Pliny  to  have  determined  the  cosmical  rising  of  tlie  Pleiades  to  have 
been  25  days  afler  the  autumnal  equinox.  He  studied  the  course  of  the  sun, 
and  made  its  diameter  to  be  the  720th  part  of  the  whole  heaven,  or  half  a 

^  For  the  proofs  in  support  of  this>  see  Profcwor  PtAYrAu's  Remarkt  on  the  Astrtmomjof  th« 
Bnhmim,JEdmburgh  TraM.  Vol.  II. 
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U«^  cor.tt^j«*tK^.%  vr..xn  1^  tf>fr. 


Vmrnr^ 


Mf  ifi,  in  the  year  4S3 
vhidi  happened  on 
fiL    Thisiscalled 

se07eanA.(X  When 

nih  the  pnest^  iie4eanied 

lie  Bade  the  adaryear  to 

of  the  BOOD  to  be  29if .  ISA. 

of  the  sun  to  be 

diat  he  carried  into 

He  4n»te  « treatise  on 

dttt  EuDozus  made  a  sun 

The  orbit  of  the  moon  he 

diat  the  greatest  ktitudes 


diai  cxpcio  a  f  ttne*     lit  ^^.  c^ic-s-rruitcd  a  sp&oe. 
«iuic</>ered  to  r^ar^  LecTi  ir^z^rted  lo  ik^  eorpdc^ 

'bd  iMA  aivavi  kztwtT  u»  *!.«  <&se  p^e,  but  tkit  dicr  went  backwards ;  thus 
tie  diwLfn^ztd  uy;  rr^rJon  ct  V:e  n»:;c**  noiei^  He  composed  two  works,  one 
caJied  th';  Alirrr/r^  t;.^  otr-cx,  tiae  PiarK^^^^iS.  In  the  first,  he  described  the 
u^i»t/;lktion\;  and  in  tiie  fiecond,  he  explained  the  times  of  thdr  risangs  and 
4<ating4.  \Uw\hcnv%  «as  in  pofeeisicn  of  these  two  w«ri»,bat  th^  are  now 
UaX*  lit  advi.«^d  mankind  not  to  put  any  niiih  in  the  predictions  of  astro- 
logcrH* 

J  204.  AafSTOTLR  relates  soeral  obaer^ations  which  he  made.  He  saw  an 
vj'Mimf.  of  Mars  by  the  moon;  and  an  occultation  of  a  star  in  Gemini  by 
Jupiter.  He  observed  also  a  comet,  the  tail  of  which  extended  over  one  third 
of  the  bf'avcim. 

\Uttr,.  CAUjnM;^  lived  about  330  years  A.C.  He  corrected  the  cycle  of 
Mktos,  and  formed  that  of  76  vears.  lie  also  made  a  collection  of  observa- 
tiouN  of  the  ri'^ing  of  ihc  Btarii,  and  joined  to  thom  meteorological  remarks,  for 
the  Mike;  of  a^rieiilttire. 

\'2m.  Pytiikas,  who  lived  at  Marseilles  in  the  time  of  Alexander  the 
<.irrat,  by  mcanM  of*  a  f^iomon,  found  the  length  of  tlie  shadow  at  the  sum- 
iiuT  HolNticc  \i\  Its  h(*ight  as  f^X)  to  209 ;  from  which  it  follows,  that  the  obli- 
i|iiil  V  ol  the  cc'lipiic*  at  that  time  was  23^  5Ql.  He  says  also,  that  the  same 
l>t(i|MMiiun  of  \\\c  )ioi|^ht  of*  the  gnomon  to  the  length  of  the  shadow  was  true 
al  llv/aiu*t!;  Inil  this  could  not  bo  ;  the  truth  of  the  above  conclusion  therefore 
iH  tliUH  loiidi'irci  doubtful. 

tvMi7.  Amvri  It's  iind  riMociiAins  IImuI  about  300  A,  C.  and  were  the  first 
AMtioiionirM  oi'  the  Alrxauilrian  school.  Their  observations  were  principally 
i'lniiiiuMl  to  \\w  Niar**,  in  orilcr  to  fix  their  positions  in  the  heavens;  and  it  ap- 
mai ^  that  IhrrvHruiM  nuulo  irreat  use  of  them  j  discovering  from  them  that 
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'  ^^ed  with  the  zodiac,  and  its  obliquity  to  the  equa- 

^    that  he  computed  a  calendar,  containing 

^e  stars.     He  is  said,  by  Callimachus^ 

""^er  Bear.     Weidler  attributes  to 

^nd  the  other  upon  the  sol- 

iic  measured  the  height  of 

<cu  the  sun  was  45^  high.     He 

!.i:s   was  Anaximander.     Accord- 

I  was  a  sphere,  and  in  the  center  of 

light  from  the  sun,  and  that  the  sun 

siiid  to  have  introduced  the  use  of  the 

iirst  discovered  the  obliquity  of  the  eclip- 

;*,^  art,  but  it  is  uncertain  whether  he  was  the 

i'  sun  dial  is  given  to  him;    this  however  is 

.347  A.C. 

od  about  530  years  A.  C.  is  said  to  have  predicted 

jli,  according  to  Thucydides,  happened  in  the  first 

u  war.     He  taught  that  the  moon  was  inhabited,  and 

.iter,  as  our  earth  has. 

iiie  time  lived  Pythagoras.     Laertius  asserts,  that  the 

\vas,  **  that  the  earth  was  in  the  center,  with  a  diurnal  mo- 

.xt  place  the  modti,  then  the  sun,  and  then  the  orbits  of  the 

i,uTARCH  however  informs  us,  that,  in  his  old  age,  he  repented 

I  not  assigned  to  the  earth  its  proper  place.      From  this  we  may 

that  he  was  acquainted  with,  and  approved  of,  the   true  system 

oy  Philolaus,  his  cotemporary.     He  ascribed  the  brightness  of  the 

JVajf  to  the  effect  of  a  great  number  of  very  small  stars.     And  it  is  said 

.Lve  been  this  philosopher,  who  first  taught  that  the  morning  and  evening 

.:r  (Venus)  were  one  and  the  same  planet.     He  is  also  mentioned  to  have 

taught  the  obliquity  of  the  ecliptic,  and  the  position  of  the  tropical  circles,  by 

the  sphere.     He  thought  the  earth  ¥^as  a  globe,  and  admitted  that  there  might 

be  inhabitants  at  the  antipodes. 

■  1261.  Philolaus,  a  disciple  of  Pythagoras,  lived  about  450  years  A.  C. 

He  taught  the  true  system,  placing  the  sun  in  the  center,  and  making  the  earth 

and  all  the  planets  revolve  about  it.      He  was  persecuted  for  propagating  this 

opinion,  and  obliged  to  fly  for  it ;   and  it  is  remarkable,  that  Galileo  lost 

his  liberty  for  maintaining  the  same.     Soon  afler  this,  we  find  Hicetas,  a  Sy- 

racusan,  asserting  the  diurnal  motion  of  the  earth. 

1262.  Meton  formed  a  circle  of  19  years,  containing  19  lunar  years,  and 
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that  he  made  a. sphere,  on  which  were  represented  the  motions  of  the  sun^ 
moon  and  five  planets,  each  with  their  proper  relative  velocities.  He  was  the 
first  who  assigned  the  true  area  of  a  curvilinear  space.  Whe9  Syracuse  was 
taken  by  Marcellus  in  the  year  211  A.  C.  he  gave  orders  to  save  Archi- 
MBDEs;  but  he  was  killed  by  a  soldier  whilst  he  was  drawing  geometrical 
figures  upon  the  ground,  for  not  answering  the  questions  that  were  put  to  him. 
Marcellus  however  rendered  him  that  honour  which  was  due  to  his  memory. 

1271.  Apollonius  of  Perga  lived  about  the  same  time.  He  was  the  fiwt 
who  explained  the  causes  of  the  stations  and  retrograde  motions  of  the  planets 
by  epicycles  (210).  He  is  also  celebrated  for  his  Treatise  on  the  Conic  Sec- 
tions ;  and  the  method  of  projections  is  also  attributed  to  him. 

1272.  HipPARCHUs,  the  father  of  Astronomy,  lived  between  160  and  135 
years  before  our  ssra,  and  was  born  at  Nice  in  Bithynia.     He  was  the  first 
person  who  cultivated  every  part  of  Astronomy.     He  began,  by  verifying  the 
obliquity  of  the  ecliptic,  observed  by  Eratosthenes,  and  found  it  very  correct  ;> 
and  this  was  afterwards  confirmed  by  Ptolemy.   He  fixed  the  latitude  c^  Alex- 
andria at  30^.  58'.     The  length  of  the  tropical  year  he  determined  firom  the  in- 
terval of  the  return  of  the  sun  to  the  same  tropic,  or  the  same  equinox ;  and 
he  conceived,  that  if  he  could  get  two  corresponding  observations  after  a  great 
number  of  revolutions,  the  error  would  be  proportionally  diminished ;  and  this 
is  the  method  by  which  future  Astronomers  determined  the  mean  motions  of 
all  the  planets ;  a  discovery  of  the  first  importance  in  Astronomy.     He  com- 
pared the  observation  of  a  solstice  by  Aristarchus  with  one  made  by  himself^ 
at  the  interval  of  145  years,  and  found  that  the  solstice  happened  half  a  day 
sooner  than  it  ought  to  have  done,  if  the  year  consisted  of  365^  days,  as  the 
Greeks  believed  before  him.   Thus  he  determined  the  tropical  year  to  be  365d. 
Sh.  55!.  12".     From  his  observations  of  the  equinoxes  and  solstices,  he  found 
that  they  did  not  divide  the  year  into  four  equal  parts ;  and  he  discovered  that 
the  interval  from  the  vernal  to  the  autumnal  equinox  was  186  days,  about  se- 
ven days  longer  than  the  interval  from  the  autumnal  to  the  vernal  equinox. 
Thus  he  found  that  the  motion  of  the  sun  was  not  uniform.    But  instead  of  ex- 
plaining  this  by  an  epicycle,  which  he  did  at  first,  he  conceived  the  idea  of 
placing  the  earth  out  of  the  center  of  the  circle  in  which  the  sun  was  supposed 
to  move,  which  would  account  for  this  irregularity.     The  invention  therefore 
of  the  excentricity  of  the  orbit  is  due  to  this  Astronomer.    Upon  this  principle 
he  computed  two  Tables  of  the  sun's  motion ;  one  of  its  mean  motion,  and  the 
other  of  its  inequalities,  which  is  the  principle  of  all  our  astronomical  Tables  at 
this  time.     The  discovery  of  the  inequality  of  the  sun's  motion  led  him  to  an- 
other  of  great  importance,  the  inequality  of  days.     He  knew  the  two  causes 
which  produced  this  inequality ;  and  said,  their  effects  were  not  sensible  in 
one  day,  but  became  so  by  accumulation.     He  w^as  mistaken  however  in  the 
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terity  Riight  know  whether  any  clianges  had  taken  place  in  the  heavens.  1Tu9 
catalogue  contains  the  latitude  and  longitude  of  1022  stars,  with  tiieir  apparent 
magnitudes.  Ptolemy  published  these  in  his  Almagest^  with  their  longitudes 
for  that  time.  Hipparchus  divided  tlie  heavens  into  49  constdlations  ;  that 
is,  12  in  the  echptic,  21  to  the  north,  and  16  to  the  soutli.  He  carried  into 
Geography  the  plan  which  he  had  followed  in  Astronomy,  and  laid  dawn  the 
places  upon  the  earth's  surface  by  their  latitudes  and  longitudes^  The  deter- 
mination of  the  circumference  of  the  earth  also  occupied  his  attention^  and  he 
added  25000  stades  to  tlie  measure  given  by  Eratosthenes.  He  appears  to 
liave  collected  all  the  eclipses  of  the  sun  and  moon  he  could  meet  with,  observed 
by  the  Babylonians.  The  works  of  this  great  Astronomer  are  found  in  Pro- 
lemy's  Almagest. 

1273.  Astronomy  made  little  or  no  progress  from  the  time  of  Hipfarchus 
to  that  of  Ptolemy,  who  was  born  in  the  year  69  of  our  a?ra.     His  great  work- 
on  Astronomy  is  entitled  MeyaXjy  2wTa|/^,  or  Great  Construction;  and  the 
Arabs  gave  it  the  name  of  Almagest^  by  which  it  is  now  usually  called^    This 
work  is  invaluable,  both  as  containing  his  own  discoveries,  and  as  preserving 
those  of  HippARCHus.     It  was  known  that  the  moon  was  subject  to  a  very 
considerable  equation,  which  was  fixed  at  5^.  1'  at  its  maximum.     But  Ptole- 
my discovered  that  this  was  true  only  when  the  apsides  were  in  quadratures  j 
and  that  when  they  were  in  syzygies  it  amounted  to  7°-  40' ;  the  difierence 
2°.  39'  he  called  a  second  inequality,  which  differs  but  a  very  little  from  what 
is  obser\^ed  at  this  time-     He  constructed  an  instrument  to  find  the  parallax  of 
the  moon,  which  he  made  1^  Y  at  the  zenith  distance  50®,  a  quantity  much 
too  great.     He  also  attempted  to  find  the  parallax  of  the  sun,  which  he  made 
2°.  51'.     He  said,  that  when  the  latitude  of  the  moon  was  greater  than  the  sum 
of  the  semi-diameters  of  the  moon  and  earth's  shadow,  then  there  could  be  no 
eclipse  of  the  moon.     And  if  the  latitude  of  the  moon  were  less  than  the  sum 
of  the  scmi-diameters  of  the  sun  and  moon,  there  would  be  an  eclipse  of  the 
sun.     But  to  tell  whether  it  would  happen  at  any  particular  place,  he  found 
it  necessary  to  apply  the  moon's  parallax.     When  he  therefore  discovered  that 
the  earth  would  be  somewhere  eclipsed,  to  determine  whether  it  would  happen 
at  any  particular  place,  he  computed  the  place  of  the  center  of  the  moon  for 
several  successive  instants,  and  applied  to  them  the  respective  effects  of  parallax, 
and  thus  he  got  the  apparent  distance  of  the  centers  of  the  sun  and  moon;  from 
which  he  deduced  the  times  of  the  beginning  and  end.      The   element  called 
the  reduction  to  the  ecliptic  he  perceived  and  explained.     It  appears  also,  that, 
before  the  time  of  Ptolemy,  they  reckoned  the  digits  by  the  twelfth  parts  of 
the  surface,  and  not  of  the  diameter.     The  system  of  the.  planets  which  he 
embraced  is  well  known.      He  explained  their  motions  by  means  of  an  epi- 
circle  revolving  upon  an  excentric  circle ;  but  he  was  not  able  to  find  their 
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theory  of  Mercury,  and  accounting  for  its  various  phenomena  as  seen  from  the 

earth. 

Books  the  tenth  and  eleventh  treat,  in  like  manner,  of  the  various  pha^- 
nomena  of  the  planets  Venus,  Mars,  Jupiter,  and  Saturn  ;  and  shows  how 
the  Tables  have  been  corrected  from  the  observations  of  preceding  Astrooo- 
niers. 

The  twelfth  book  treats  of  the  stationary  and  retrograde  appearance  of  the 
planets ;  and  the  thirteenth  of  their  latitudes,  the  inclination  of  their  orbits, 
risings,  settings,  &c* 


On  tJie  Astroncymy  of  the  Arabs,  Persians,  and  Tartars. 

1274.  Almamon,  an  Arabian  Astronomer,  lived  about  the  year  818.  He 
began  his  observations  upon  the  obliquity  of  the  ecliptic,  which  he  determined 
to  be  23^  35' y  according  to  Golius  ;  but  in  another  edition  of  this  author,  it 
is  23®.  33'.  This  is  related  in  the  Elements  of  Astronomy,  by  Alfergen. 
About  the  same  time  it  was  determined  by  Calid,  Abultibus,  Seneo^  and 
Alis,  to  be  23^  S3'.  52".  We  may  therefore  fix  the  obliquity  of  the  ecliptic 
at  that  time  at  23^  34',  with  the  probability  of  its  being  near  the  truth. 

1275.  Thebith,  who  was  born  about  the  year  836,  determined  tlie  length 
of  the  sidereal  year  to  be  SQ5d.  6//.  9'.  iT;  and  made  the  equinoctial  points  to 
have  a  motion,  sometimes  direct,  and  sometimes  retrograde.  He  found  the 
obliquity  of  the  echptic  to  be  23°.  33'.  SO",  and  concluded  it  to  be  variable. 

1276.  Albategnius,  who  flourished  amongst  the  Arabs  about  the  middle  of 
the  9th  century,  was  the  greatest  Astronomer  since  Ptolemy.  Dr.  H alley 
calls  him,  Auctorpro  suo  sceculo  admirandi  acuminiSj  ac  in  admimstrandis  obser* 
k)ationibus  exercitatissimus.  Finding  that  Ptolemy's  Tables  of  the  moon  and 
planets  were  defective,  he  constructed  new  and  more  correct  Tables.  He 
made  the  motion  of  the  equinoxes  to  be  1°  in  66  years,  instead  of  100  years,  as 
it  had  been  before  supposed;  and  examining  the  obliquity  of  the  ecliptic,  he- 
found  it  23^.  35' J  but  if  his  observations  be  corrected  for  parallax  and  refrac- 
tion, it  becomes  23^  35'.  47^  The  theory  of  the  sun  also  engaged  his  atten- 
tion ;  he  found  the  excentricity  of  the  earth's  orbit  to  be  3465,  the  radius  be- 
ing 100000.  The  place  of  the  apogee  he  fixed  at  22°.  17'  of  Gemini;  and 
Ptolemy  having  placed  it  at  5®.  30',  he  discovered  that  the  apogee  had  an  an- 
nual progressive  motion  of  59".  4**  in  respect  to  the  equinoxes,  and  (according 
to  him)  the  motion  of  the  equinoxes  being  54".  32"',  the  real  motion  from  hence 
is  4".  32"'.  He  gave  two  equations  to  the  moon,  the  same  as  those  which  Pto- 
lemy discovered.  He  also  observed  two  eclipses  of  the  moon,  and  two  of  the 
sun.    These  discoveries  appear  in  a  work  of  his,  entitled,  De  Numeris  et  Mo^ 
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tilms  SteUarum  ;  which  contains  also  several  problems  upon  the  doctrine  of  the 
sphere. 

1277.  Abu-Mahmud-al-Chogandi,  who  lived  about  the  year  992,  with  a 
sextant  of  40  cubits  radius,  found  the  obliquity  of  the  ecliptic  23^.  32'.  21") 
the  limb  of  this  quadrant  was  divided  into  seconds, 

1278.  Albaturnius-abul-Rian,  about  the  year  995,  according  to  Mr.  Ber- 
nard, or  about  1070  according  to  Abulfaragius,  with  a  quadrant  of  15  cubits 
radius,  made  the  obliquity  of  the  ecliptic  23^  ^5\ 

1279.  Arsachel,  who  lived  about  the  year  1076,  corrected  the  theory  of 
the  sun,  by  making  a  great  number  of  observations  in  various  parts  of  the  or- 
bit.    He  made  the  obliquity  of  the  ecliptic  23°.  34'. 

1280.  Alhazen  wrote  upon  the  twilight,  the  beginning  of  which  he  made 
when  the  sun  was  about  19°  below  the  horizon ;  and  he  computed  the  height  of 
the  atmosphere  to  be  51,8  miles,  supposing  the  circumference  of  the  earth  to. 
be  24000  miles.  He  wrote  a -Treatise  on  Optics  in  seven  books,  in  which  he 
explained  the  true  principles  of  the  refraction  of  a  ray  of  light  through  tlie  air, 
and  gave  a  method  of  finding  tlie  quantity  of  it.  He  lived  in  the  eleventh 
century. 

1281.  The  use  of  the  pendulum  was  known  to  the  Arabs;  but  no  account 
is  given  of  the  inventor,  or  at  what  time  he  lived.  This  very  important  disco- 
very ought  to  have  immortalised  its  author. 

1282.  In  the  year  1072,  the  Sultan  Melicshau  employed  Astronomers  to 
correct  the  length  of  the  year ;  and  Omar  Cheyast  determined  the  length  of 
the  tropical  year  to  be  365rf.  5h.  48'.  48%  the  very  same  quantity  at  which  it  is 
now  fixed  by  M.  de  la  Lande.     He  also  corrected  the  calendar. 

1283.  In  the  twelfth  century,  Chioniades,  a  great  mathematician  of  Con- 
stantinople,  olitained  permission  to  import  many  books  from  Trebizond  in 
Persia ;  from  which  we  find  tliat  the  Persians  had  cultivated  Astronomy  with 
great  success  j  as  their  Tables  of  the  motions  oFthe  planets,  those  of  Mercury 
excepted,  were  very  exact.  M.  de  TIsle  deduced  from  these  Tables  the  tropi- 
cal year  of  the  Persians  to  be  S65rf.  5A.  49'.  3'.  30*';  the  annual  motion  of  the 
apogee  5^.  25".  12"";  and  the  sidereal  year  365^1  6A.  9'.  55!'.  9101".  The  obliquity 
of  the  ecliptic  in  these  Tables  is  23°.  9S!  \  the  equation  of  the  center  of  the  sun 
a^.  <y.  30*'}  and  the  place  of  the  apogee,  in  the  first  year  of  d'lESDEGiRD,  is  2*. 

\T.  sol.  r. 

1 284.  In  the  thirteenth  century  lived  Nassireddin,  who  constructed  Tables 
from  observations  made  at  Maragh.  He  made  the  obliquity  of  the  ecliptic 
28^.  30'. 

1285.  Al-Noddam,  who  lived  soon  afler  Nassireddin,  made  the  obliquity 
of  the  ecliptic  23''.  33';  and  discovered  thatibe  obliquity  was  decreasing. 

1286.  In  the  fifteenth  century  lived  Uluoh  Beigh,  a  prince  of  Tartaiy,  and 
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1 296.  The  next  celebrated  Astronomer  was  John  Muller,  of  Konigsberg, 
a  town  m  Franconia,  better  known  by  the  name  of  Regiomontanus,  that  word 
being  a  Latin  translation  of  the  German  word  Konigsherg.  Encouraged  by  die 
reputation  of  Purbach,  he  went  to  Venice  at  the  age  of  fifteen,  and  became 
his  pupil.     Upon  the  death  of  Purbach,  he  went  to  Rome,  and  made  there 
some  astronomical  observations  ;  but  in  1471,  he  retired  to  Nuremberg,  where 
he  met  with  Bernard  Walther,  a  zealous  friend  to  Astronomy,  who  was  at 
tlie  expence  of  constructing  some  valuable  astronomical   instruments,  with 
which  Regiomontanus  made  observations.       Purbach  and  Regiomontakus 
discovered  the  imperfections  of  the  ancient  observations,  by  an  observation  o 
Mars  compared  with  two  stars  near  it,  whereby  this  planet  was  found  2^  dis- 
tant from  the  place  given  by  the  Tables.     The  instrument  which  Walther 
made  was  an  armilla,  but  much  more  complete  than  any  which  had  been  before 
constructed.     It  served  to  observe  in  the  plane  of  the  ecliptic,  the  equator,  and 
in  the  circles  which  are  perpendicular  to  it.     Thus  they  obser\'ed  the  latitudes 
and  longitudes  of  the  heavenly  bodies  to  a  considerable  degree  of  accuracy. 
Purbach  and  Regiomontanus  considered  the  heavens  as  a  great  dial ;  and 
that  the  stars  would  pass  in  succession  over  any  meridian  at  the  rate  of  15* 
in  an  hour.     Tliis  is  the  principle  of  the  modern  method  of  finding  the  right 
ascensions  of  the  stars.     Regiomontanus  computed  an  Ephemeris  for  SO  years 
forward.     In  the  month  of  February,  1472,  a  comet  appeared,  on  which  he 
made  observations,  and  it  was  tlie  first  that  had  been  observed  in  Europe. 
Pope  SiXTUs  IV.  wished  to  refi^rm  the  calendar,  and  sent  for  Regiomontanus* 
to  assist  in  that  work ;  in  consequence  of  which  he  went  to  Rome  in  the  year 
1475,  and  died  of  the  plague  in  the  year  following.     Other  accounts  however 
state,  that  he  was  put  to  death  by  the  sons  of  Trapezuntius,  in  revenge  for  his 
having  detected  errors  in  the  translation  of  tlie  Almagest  by  their  father. 
ScHONER  does  him  the  honour  of  asserting,  that  he  was  a  favourer  of  the  system 
of  the  earth's  motion. 

1297.  Bernaud  Walther  was  born  at  Nuremberg  in  the  year  14S0.  Afler 
the  death  of  Regiomontanus,  he  continued  to  make  observations ;  and  in  the 
year  1484,  he  made  use  of  clocks  in  order  to  measure  time.  The  first  obser- 
vation  he  made  with  a  clock  was,  to  find  how  long  Mercury  rose  before  the 
sun.  In  an  eclipse  of  the  moon  February  8,  1487,  we  find  he  marked  the 
time  by  the  clock.  Hipparchus  and  Ptolemy  found  the  longitude  of  the  stars 
by  comparing  them  with  the  sun,  making  use  of  the  moon  as  an  intermediate 
dbservation  ;  but  Walther  made  use  of  Venus  instead  of  the  moon,  which  was 
much  more  exact,  because  its  motion  is  slower,  and  also  on  account  of  its 
parallax  being  so  small.  He  made  the  longitude  of  Aldebaran  2°.  35*  of  Ge- 
inini,  in  the  year  1491.     His  observations  were  of  eclipses,  of  the  longitudes  of 
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of  the  fixed  stains,  that  it  will  be  impossible  to  remove  one  of  these  bodito  oittt 
of  its  place,  without  disordering  the  rest,  and  even  the  whole  universe  aldo.'^ 
He  also  reasoned  upon  gravity ;  and  defines  it  to  be  "  a  certain  natural  desire^ 
given  by  the  Supreme  Being  to  all  the  pai'ta  of  matter,  by  means  of -which 
they  tend  to  unite  under  tli^  form  of  a  globe«''    Having  established  his  system^ 
he  made  observatio^s,  and  compared  them  with  the  ancient  ones,  in  order  to 
correct  the  Tables.     For  this  purpose  he  made  himself  a  quadrant,  and  paral- 
lactic rulers,  and  other  instruments  described  by  Ptolemy.     He  made  the  pre- 
cession of  the  equinoxes  to  be  1^  in  72  years;  the  obliquity  of  the  ecUptic 
'2'3^.  28'.   14";    the  exccntricity  of  the  earth's  orbit  323,  tlie  radius  being 
10000 ;   and  the  plaae  of  the  earth's  apogee  3*.  6^.  40f.     In  treating  of  the  re- 
trogradatioa  of  the  equinoxes,  he  observed  that  it  had  not  a  libratory  motion, 
as  Thebith  imagined.      He  remarked,  that  the  obliquity  of  the  ecliptic  der 
creased,  and  also  the  excentricity  of  the  earth's  orbit,  and  thence  concluded, 
that  these  circumstances  depended  upon  the  same  cause.     He  made  the  length 
of  the  tropical  year  S65d.  5li.  49'.  24",  which  differing  from  the  determinations 
of  Ptolemy  and  Albategnius,  he  concluded  that  it  was  subject  to  chaise. 
In  order  to  explain  the  irregularities  of  the  motions  of  the  planets,  he  retained 
the  epicircles  of  Ptolemy.      He  adopted  Ptolemy's  two  equations  of  the 
moon;  and  having  observed  its  parallaxes,  he  found  the  greatest  to  be  65'.  48', 
and  the  least  50'.  19%   and  tlie  corresponding  distances  52^  and  6S^  semidia- 
meters  of  the  earth;  the  mean  distance  therefore  was  60^.      He  attempted  to 
get  l|he  parallax  of  the  sun  by  the  method  used  by  Ptolemy,  and  found  it  to 
be  3',  and  thence  the  sun's  distance   1179  semidiameters  of  the  earths    Tbd 
diameter  of  the  sun  in  its  apogee  he  made  31'.  48",  and  in  its  perigee  S3\:  54*. 
.When  the  moon  was  in  its  apogee,  and  in  conjunction  or  opposition,  he  made 
it3  fliameter  30',  when  in  perigee  35' ;  when  the  apogee  was  in  quadratures,  the 
diameters  he  found  to  be  28'.. 45*  ami  36'.  44".     His  great  work  on  Astronomy 
j^  ;n(t>t^(?.d,  Astronomia  Instaurala,  and  is  divided  into  six  books.     The^r^/con- 
taiiiStjpi  ftpwunt  of  his  system,  and  his  reasons  for  assuming  it;  together  with 
some  geometjcical  theorems,  and  the  doctrine  of  plane  and  spherical  Trigono- 
metry.    The  second  contaias  the  doctrine  of  the  sphere.     The  Mrd  treiats  of 
the  equinoxes,  solstices,   obliquity  of  the  ecliptic,   the  theory  of  the  earth's 
motion,  and  the  inequality  of  solar  days.     The  fourth  treats  of  the  motion  of 
the  moon.     The  fjih  and  sia^th  are  upon  the  theory  of  the  planets.     This  work 
was  completed  about  the  year  1530;  but  it  was  with  the  utmost  difficulty  that 
his  friends,  even  in  the  latter  part  of  his  life,  could  persuade  him  to  publish  it; 
at  length  however  their  entreaties  prevailed,  and  he  delivered  it  iirto  their 
hands  to  be  published,  and  received  a  copy  of  it,  only  a  few  hours  before  he 
died,  which  happened  May  23,  1543,  in  the  seventy-first  year  of  his  age- 
1301.  Erasmus  Reinold,  born  at  Thuring  in  the  year  1511,  published  se- 
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^^  liK)7.  UKoiiur.  JoAciiiM  IliiKTicus  was  bom  in  Rhetia.     He  was  a  pupil  of 

CorKRNK^us;  and  in  order  to  iucii&tate  astronomical  calculations,  he  began  to 
construct  a  Tablo  ol*  .sinos,  tangents  and  secants,  for  every  ten  seconds  of  the 
qnadrant,  but  ho  diil  not  live  to  finish  the  work.  He  died  at  Cas8obia,in  Huo* 
garv,  in  the  voar  K>7(5. 

lc'^OS«  Wii.iiAM  1\\  Land^ave  ot'  Hesse,  distinguished  himself  greatly  by 
pivmouut;  ibo  study  ot'  Astronomy.  He  applied  closely  to  this  science,  and 
atcachixl  hiii:s^'tt'  to  CuiusTvMni£K  Uothman,  an  astronomer,  and  Justus  Bub- 
iUis  ^n  cxvcUcnt  insirument  maker.  With  this  assistance,  he  erected  an 
ol)i$cr\;itv^nb  on  tiic  top  ot^  his  palace  at  Cassel,  and  tumished  it  with  quadrants, 
$^vt;jia;Tk  atnl  \artiHi»  other  instruments;  and  with  these  he  made  a  great  num- 
Ut  K^t  v>hs^.s\;*t;ons^  whioh  HrVKUcs  preferred  to  those  of  Tycho.  From 
tttov^  s>lvx^'i\Atuvts  ho  dctennincil  the  btitude  and  longitude  of  400  stars,  which 
ho  lUs^^ruNl  ui  Ji  V  Atik^ic,  cwiitying  iheir  places  to  the  year  1593.  He  died 
ui  luc  xtviir  U5^^* 

t:5^V.  iitK^HO  Mra\  \r\>R*  Umi  in  Rinders  in  the  year  1512,  made  globes, 
4ikI  K^Ml^:uK;v\l  a  jrr\\»t  nunv  j^H>;rrai>tiical  majw, 

liUV    rho  no\t  astrvmomor  of  any  ixtnsiHpienoe  i»-as  Tycho  Brahe,  bom  of 
noblo  |MrvM«s  at  Knuilstrop  in  Scania,  in  tlio  year  L54t?.     When  he  was  only 
tourtivn  Yoars  oKl  he  was  stnick  with  astonisliment  at  observiug  an  eclipse  of 
the  sun  to  happen  so  ver\-.near  the  time  it  was  predicted;  and  it  seems  as  if  this 
liHlhim  to  the  study  of  Astix>nomy.  In  1563,  he  observed  the  great  conjunctioa 
of  the  superior  planets;  and  in  tracing  the  courses  of  tlie  planets,  and  comparii^ 
them  with  the  Tiibles  of  Alphonsus  and  Copernicus,  he  saw  that  the  Tablet 
wore  subject  to  great  errors.     In  announcing  the  great  conjunction,  the  Tables 
of  Ai  ruoNsrs  erivd  a  month.     November  11,  1572,  he  discovered  a  new  star 
in  CtssiojkUi*s  Chair :  this  star  was  greater  and  more  brilliant  than  Z$rra  and 
iVwyow,  and  was  seen  in  tlie  middle  of  the  day;  but  at  length  its  brightness 
declined,  and  it  died  away  gradually,  and  disappeared  in  1574.    It  was  observed 
bv  ;U1  the  Astronomers  in  Europe.     This  phenomenon  excited  Tycho  to  make 
anew  catalogue  of  Uie  tixed  stars,  which  contained  the  places  of  777,  recti- 
lied  to  tlie  beginning  of  the  year  1600.     Instead  of  the  moon  which  was  used 
to  connect  the  sun  and  the  stars,  he  made  use  of  Vefws^  as  Walther  had  done 
before  Iiiin.     Tycho  being  recommended  by  tlie  Landgrave  of  Hesse,  to  Fred- 
Kiiic  11.  king  of  Denniark,  he  gave  him  the  island  of  Huenna,  and  supplied  him 
with  money  to  build  an  observatory,  to  furnish  it  with  instruments,  and  to 
Hupi)ort  himself.      This  Tycho  very  gladly  accepted,  and  called  the  name  of 
the  building  Uraniburg.     It  was  furnished  with  the  best  instruments,  consisting 
of  (|uadrants,   sextants,  circles,  armillae,  parallactic  rulers,  rings,  astrolabes, 
globes,  clocks,  and  sun-dials.     These  instruments  were  of  excellent  workman* 
Hhip,  and  liir  more  accurate  tlian  any  which  had  been  before  made.     Most  of 
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the  divisions  were  diagonal,  but  he  had  one  quadrant  divided  according  to  the 
method  of  Peter  Nonius.  The  whole  expence  is  said  to  have  amounted  to 
200000  crowns.  Here  Tycho  made  all  his  observations  of  the  stars,  comets 
and  planets  even  to  Mei^cwry^  which  Copernicus  had  never  been  able  to  see. 
He  first  determined  the  place  of  a  star  by  observing  its  azimuth,  and  the  time 
of  passing  over  it ;  but  his  clocks  did  not  give  the  time  with  sufficient  accuracy ; 
he  therefore  determined  the  place,  by  obsemug  its  distance  from  two  known 
fixed  stars.  In  the  coui'se  of  the  observations,  Tycho  made  a  very  important 
discovery,  that  of  the  refraction  of  the  air;  and  this  he  found  from  comparing 
the  height  of  the  equator  as  determined  fi'om  observations  of  the  solstices,  and 
of  the  circumpolar  stars,  for  he  found  that  they  constantly  differed  by  4';  this 
he  imputed  to  the  refraction  of  the  air.  He  made  the  horizontal  refraction 
34',  and  at  45^  altitude  he  made  it  nothing  ;  and  calculated  a  Table  showing 
the  refraction  at  all  altitudes  up  to  45°.  He  constructed  new  Tables  of  the 
sun;  and  determined  the  precession  of  the  equinoxes  to  be  l°in  71  years; 
he  also  found  that  the  latitude  of  the  stars,  since  the  time  of  Timocharis  and 
HiPPARCHUS,  had  varied;  thus  he  discovered  that  the  ecliptic  was  subject  to 
a  variation.  The  theory  of  the  moon  also  engaged  his  attention,  and  he  dis- 
covered a  third  equation,  called  the  Variation.  He  also  found  that  tlie  motion 
of  the  nodes  was  not  uniform;  and  that  the  inclination  of  the  orbit  was  vari- 
able; the  least  inclination  he  made  4*".  58'.  30",  and  the  greatest  5**.  17'.  SO", 
which  is  a  great  proof  of  the  goodness  of  his  observations.  He  very  happily 
represented  the  variation  of  the  motion  of  the  nodes  and  of  the  inclination, 
by  the  motion  of  the  pole  of  the  lunar  orbit  in  a  small  circle.  These  discover- 
ies relating  to  the  moon,  do  him  great  honour.  He  observed  a  comet  in  the 
year  1577,  and  discovered  that  it  had  a  parallax  of  20',  and  thence  concluded 
that  it  was  abont  three  times  as  far  from  us  as  the  moon.  He  conjectured  that 
they  revolved  about  the  sun.  The  system  which  he  invented  we  have  already 
explained.  He  made  the  obliquity  of  the  ecHptic  23^  Si'.  30";  and  found  the 
length  of  the  sidereal  year  365^.  6A.  9'.  26".  45",  and  the  tropical  S65rf.  5//. 
48'.  45",  which  is  within  2"  or  S"  of  the  present  determination.  He  found  the 
diameter  of  the  sun  in  apogee  to  be  SO',  and  in  perigee  32',  and  its  mean  dis- 
tance 1150  semidiameters  of  the  earth.  Upon  the  death  of  Frederic  H.  it 
was  represented  to  the  young  king  that  the  treasury  was  exhausted,  and  that  it 
was  necessary  to  retrench  the  pensions ;  in  consequence  of  this,  Ttcho  was 
deprived  of  his ;  upon  which  he  removed  to  Copenhagen  with  such  of  his  in- 
struments as  he  could  carry ;  but  he  there  received  an  order  to  discontinue 
bis  observations.  Upon  this  he  went  to  Holstein,  and  was  introduced  to  the 
emperor  Rodolphus,  who  settled  a  pension  of  3000  crowns  upon  him,  and 
gave  him  a  magnificent  house;  here  he  renewed  his  studies,  and  the  famous 
Kepler,  who  called  him  the  Hipparchus  of  his  age,  became  his  scholar  and 
assistant.  He  died  October  24,  1601,  in  the  fifty-fifth  year  of  his  age,  solacing 
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1807.  George  Joachim  Riieticus  was  born  in  Rlietiu.  Hu  was  a  pupil  of 
Coi'EBNicus  ;  and  in  orilcr  to  facilitate  astronomical  calculations,  he  began  to 
construe!:  a  Table  of  sines,  tangents  anil  secants,  ibr  every  ten  seconds  of  tiie 
qnadraiiti  but  lie  did  not  live  to  finish  the  work.  He  died  at  Cassobia,  in  Uun- 
gaiy,  in  the  year  1.576. 

1S08.  William  IV.  Liindgrave  of  Hesse,  distinguished  himself  greatly  by 
promoting  the  study  of  Astronomy.  He  applied  closely  to  this  science,  and 
attached  iiimseif  to  Ciiristophek  Roth-man,  an  astronomer,  and  Justus  Buk- 
cics,  an  excellent  instrument  maker.  With  this  assistance,  he  erected  an 
observatory  on  the  top  of  his  palace  at  Cassel,  and  fin-nished  it  witli  quadrants, 
sectants,  and  various  otlicr  instruments;  and  with  these  he  made  a  great  num- 
ber of  observations,  which  Hkvelius  preferred  to  those  of  Tycho.  I'Vom 
these  observations  he  determined  tlie  latitude  and  longitude  of  400  stars,  wiiich 
he  inserted  in  a  catalogue,  recti^ing  their  places  to  the  year  1593.  He  tUcd 
in  the  year  1592, 

1309.  Gerard  Mehcator,  born  in  Flanders  in  the  year  1512,  made  globes, 
and  constructed  a  great  many  geographical  maps. 

1310.  The  next  astronomer  of  any  consequence  was  TycHO  Brake,  born  of 
noble  parents  at  Knudstrop  in  Scania,  in  the  year  1546.  'When  he  was  only 
it)urteen  years  old  he  was  struck  with  astonUimient  at  observing  an  eclipse  of 
the  sun  to  happen  so  very  .near  the  time  it  was  prctUcted ;  and  it  seems  as  if  this 
led  him  to  the  study  of  Astronomy.  In  1563, he  observed  the  great  conjunction 
of  the  superior  planets;  and  in  tracing  the  courses  of  the  planets,  and  comparing 
them  witii  tlie  Tables  of  Alphonsus  and  CopERNicLfs,  he  saw  that  the  Tables 
were  subject  to  great  errors.  In  announcing  the  great  conjunction,  the  Tables 
of  Alphonsus  erred  a  month.  November  1 1,  1572,  he  discovered  a  new  star 
in  Cassiopea's  Cftair  ;  this  star  was  greater  and  more  brilliant  than  Lyra  afid 
PrQcyon^  and  was  seen  in  the  middle  of  the  day;  but  at  lengtli  its  brigtUiness 
declined,  and  it  died  away  gradually,  and  disappeared  in  1574.  It  was  observed 
by  all  the  Astronomers  in  Europe.  This  ph^uomenon  excited  TrcHc  to  make 
a  new  catalc^ue  of  the  fixed  stars,  which  coutatned  the  plac^  of  777,  recti- 
tied  to  the  beginning  of  the  year  16O0.  Instead  of  the  moon  which  was  used 
to  connect  the  sun  and  the  stars,  he  made  use  of  Venus^  as  Walther  had  done 
before  hiip.  Tycho  being  recommended  by  the  Landgrave  of  He»se,  ta  J'bsd- 
ERIC  II.  king  of  Denniark,  he  gave  him  the  island  of  Huenna,  and  supplied  him 
with  money  to  build  an  observatory,  to  Ornish  it  with  instruments,  aad  to 
support  himself.  This  Tycho  very  gladly  accepted,  and  called  the  name  of 
the  building  Uranihurg.  It  was  furnished  with  the  best  instruments,  consisting 
of  quadrants,  sextants,  circles,  armiJla;,  parallactic  rulers,  rings,  astrolabes, 
globes,  clocks,  and  sun-dials.  These  instruments  were  of  excellent  workman, 
ship,  and  far  more  accurate  tlian  any  which  had  been  before  made.     Most  of 
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3.  An  Account  of  a  new  Star  in  Sagittarius,  in  1605. 

4.  On  the  Motions  of  Mars,  in  1 609. 

a.  Dissertations;  with  his  Nunci  us  Sideris  of  Galileo,  in  1612. 

6.  New  Ephemeris,  from  1617  to  1620, 

7.  Three  Books  on  the  Gopemican  Astronomy,  in  1618. 

8.  The  Hariiiony  of  the  World;  and  three  Books  on  Comets,  in  1619: 
9*  Three  more  Books  on  the  Copernican  Astronomy,  in  1622. 

10.  Rodolphinc  Tables,  in  1627. 

Besides  these,  he  wrote  several  things  in  Chronology^  the  Geometfy  of  Solids^ 
Trigonometn/j  Logarithms^  and  Dioptrics. 

1313.  Napier,  in  the  year  1614,  published  his  invention  of  logarithms ;  a' 
discovery  of  inestimable  use  in  the  practice  of  Astronomy. 

J  314.  About  this  time  lived  Bayer,  an  Astronomer  at  Ausbourg  in  Ger-- 
many,  who  rendered  himself  memorable  in  Astronomy  by  his  work,  entitled 
Vranometria^  which  is  a  very  complete   celestial   atlas,   containing    all    the 
constellations  visible  in  Europe ;  in  this  the  stars  are  marked  with  the  Greek 
letters. 

■ 

1315.  Lansbergius,  born  at  Gand  in  1 560,  published  a  set  of  astronomi- 
cal Tables  in  the  year.  1632;  and  in  1663,  several  other  works  of  his  were 
published. 

1316.  ScHiKARD  was  born  at  Wirtemberg  ;  he  made  many  observations,  and 
composed  several  works  upon  Astronomy.     He  died  in  1635.. 

1317.  HoRROx  was  born  at  Hoole  near  Liverpool..  He  and  his  friend 
Crabtree  were  the  first  persons  who  observed  a  transit  of  Venus  over  the 
sun's  disc;  this  transit  happened  November  24,  1639,  according  to  his  own 
prediction.  An  account  of  this  he  wrote,  and  entitled  it  Venm  in  Sole  visa^ 
which  was  publislied  by  Hevelius.  He  gave  a  new  theory  of  the  moon, 
making  it  move  in  an  ellipse  about  the  earth  in  its  focus.  From  observations 
on  the  diameter  of  the  moon,  he  found  that  its  apogee  was  subjj^ct  to  an  an- 
nual equation  of  12*^,5.  This  extraordinary  young  man  died  in  1641,  about 
the  age  of  22  years.  His  posthumous  works,  published  by  Wallis  in  1673, 
are,  Astronomia  Kepleriana,  defensa  et  promota.  Excerpta  ex  Epistolia 
ad  Crabtr-eum  suum.  Observationum  coelestium  catalogus.  Lunae- theoria 
nova. 

1318.  William  Crabtree,  the  friend  of  Horrox,  lived  at  Broughton  near 
Manchester  ;  he  observed  the  transit  of  Venus  in  1639  ;  and  made  many  astro- 
nomical observations,  some  of  which  were  published  in  the  works  of  Horrox*  . 
He  died  in  .1 64  K 
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liiinself  that  he  hail  not  livtiJ  in  vain,  and  tliat  his  labours  would  redound  to 
the  glory  of  God. 

1311.  LoNCOMONTASUs  was  a  pupil  and  assistant  of  Tycho  at  Urani- 
hiirg.  He  assisted  him  in  his  catalogue  of  .Uie  star^,  and  ^i  his  Uieory  of  tJie 
moon.  He  afterwards  we^t  to  Copenhagen,  and  was  made  prplbssor,  and 
acquired  ^reat  reputation  by  liis  astrooomical  knowledge.  He  diud  in  the 
year  164-7. 

1312.  Kepler  was  bom  at  Wiel  in  Wirteniberg,  the  27th  of  December,  in 
tlie  year  1570.  He  began  to  study  Astronomy  very  early,  and  had  a  turn  for 
seeking  analogies  and  harmonies  in  nature  ;  and  having,  as  he  tliought,  disco- 
vered a  curious  one,  he  pul)iished  it  iu  1596,, and  sent  it  to  Tycho;  vho, 
altliough  he  disapproved  of  the  work,  saw  so  much  ingenuity  in  it,  that  he  sent 
for  Kepler  to  reside  witii  him  at  Prague  ;  and  liora  tlie  observations  of  Tyciio, 
he  made  his  important  discoveries.  He  made  the  refraction  the  same  for  all 
bodies  at  the  same  height,  and  did  not  agree  with  Tycho,  tliat  tliere  was  no 
refraction  above  45^  ;  he  also  observed  that  it  was  different  on  different  parts' of 
the  earth.  He  published  a  Treatise  on  Optical  Astronomy,  in  which  he  treats 
of  parallax,  and  tlic  calculation  of  solar  eclipses,  and  applies  them  to  find  tiie 
longitude  on  the  earth's  sui-fitce.  He  speaks  of  gravitation,  and  applies  it  pro- 
perly to  the  case  of  the  earth  and  moon,  and  to  the  cause  of  the  tiiles  (220). 
He  directed  his  attention  to  the  motion  of  Mars,  and  published  a  work  enti- 
tled Dc  Motibus  StelkE  Mari'ts.  He  first  employed  a  circular  orbit,  and  deter- 
mined its  excentricityj  but  by  comparing  some  distances  of  Mars  from  the 
sun  from  observation,  with  the  computed  distances,  he  found  so  great  a  disa- 
greement, that  he  concluded  the  orbit  was  not  a  circlej  he  then  supposed  it  lo 
be  an  ellipse,  and  found  the  calculated  distances  agreed  with  thoBe  deduced 
from  observation ;  henoe,  he  concluded  that  the  planets  revolved  about  the 
sun  in  ellipses,  having  the  sun  in  the  focus  .(2 17).  Having  determined  tJie 
periodic  times  and 'mean  distances  of  the  planets,  he  discover«d,  by  trial,  the 
&mous  law,  that  the  squares  of  their  periodic  times  are  as  the  cubes  of  tlieir 
mean  distances.  He  also  found,  that  in  the  apsides  tlie  areas  described  by  the 
planets  in  equal  times  were  equal  {  and  he  supposed  that  the  same  was  true  at 
every  other  pointy  and  thence  be  concluded  that  the  planets  describe  about  the 
sun  equal  areas  in  equal  times.  These  three  important  discoveries  are  the 
foundation  of  all  plane  and  physical  Astronomy.  He  solved  the  problem  now 
called  Kepleb's  Problem,  of  cutting  off  from  an  ellipse  by  a  line  drawn  to  the 
locus,  an  area  equal  to  a  given  area.  He  alsoarmounced  the  passage  of  Mer. 
cury  over  the  sun  in  the  year  1631  j  and  the  transits  of  Venus  in  1631,  and 
1761.    The  workswhich  this  celebrated  Astronomer  published  are; 

■1.  Cosmographical  Mystery,  in  1596. 
S.  Optical  Astronomy,  in  1604. 
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'  3.  Ai>  Account  of  a  new  Star  in  Sagittarius,  in  1605. 
4.  On  the  Motions  of  Mars,  in  1609. 

aL  Dissertationsr }  with  his  Nuncius  Sideris  of  Galileo,  in  1612. 
6..  New  Ephitneris,  from  1617  to  1620. 

7.  Three  Books  on  the  Gopemican  Astronomy,  in  1618. 

8.  The  Harthony  of  the  World ;  and  three  Books  on  Comets,  in  1 6 1 9; 
9*  Three  more  Books  on  the  Copemican  Astronomy,  in  1622. 

10.  Rodolphine  Tables,  in  1627. 

Besides  these^  he  wrote  several  things  in  Chronology ^  the  Geometfy  of  SoKdsi. 
Trigonotnetri/j  Logarithms^  and  Dioptrics. 

1313.  Napier,  in  the  year  1614,  published  his  invention  of  logarithms;  a'^ 
discovery  of  inestimable  use  in  the  practice  of  Astronomy. 

1314.  About  this  time  lived  Bayer,  an  Astronomer  at  Ausbourg  in  Ger-- 
many,  who  rendered  himself  memorable  in  Astronomy  by  his  work,  entitled 
Uranometriay  which  is  a  very  complete   celestial  atlas^  containing   all   the 
constellations  visible  in  Europe  \  in  this  the  stars  are  marked  with  the  Greek 
letters. 

1315.  Lansbergius,  born  at  Gand  in  1560,  published  a  set  of  astronomi- 
cal Tables  in  the  year  1632;  and  ia  1663,  several  other  works  of  his  were 
published. 

1316.  ScHiKARD  was  born  at  Wirtemberg  ;  he  made  many  observations,  and 
composed  several  works  upon  Astronomy.     He  died  in  1635*. 

1317.  HoRROx  was  born  at  Hoole  near  Liverpool.,  He  and  his  friend 
Ceabtree  were  the  first  persons  who  observed  a  transit  of  Venm  over  the 
sun's  disc  ;  this  transit  happened  November  24,  1 639,  according  to  his  owa 
prediction.  An  account  of  this  he  wrote,  and  entitled  it  Venm  in  Sole  visa^ 
which  was  published  by  Hevelius.  He  gave  a  new  theory  of  tlie  moon, 
making  it  move  in  an  ellipse  about  the  earth  in  its  focus.  From  observations 
on  the  diameter  of  the  moon,  he  found  that  it3  apogee  was  subjj^ct  to  an  an- 
nual equation  of  12%5.  This  extraordinary  young  man  died  in  1641,  about 
tile  age  of  22  years.  His  posthumous  works,  published  by  Wallis  in  1673, 
are,  Astronomia  Kepleriana,  defensa  et  promota.  Excerpta  ex  Epistolia 
ad  Crabtrjeum  suum^  Observationum  ccelestium  -  catalogus.  Lunae- theoria 
nova. 

.1318.  .William  Crabtree,  the  friend  of  Horroxj  lived  at  Broughton  near 
Manchester  ;  he  observed  the  transit  of  Venus  i<ivl639  ;  and  made  many  astro- 
nomical observations,  some  of  which  were  published  in  the  works  of  Horrox*  . 
He  diedin  164h 
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1319.  GaYyieo  was  bom  at  Eloreiuie^  in -^tiiel  year  ^1^64*^  >  He-.4>gcp8gered 
the  laws  by  which  bodies  falling  freely  are  accelerated,  and  the  ^8e,0£'the 
pendulum  for  HieaSuringftirtife.' '  •  Having  heard  )crf^.-tbe  invention  of:  tiie^ tele- 
scope, he,  by  considering  the  principles  of  Tefraction,  constructed  4)119:  which 
magnified  more  than  30  times.  With  this  he  immediately  discovered  the 
spots  in  the  sun,  from  tv4iich  he'  saw  that  it  had  a/ rotation  aboiifr;itft  axis ; :  he 
saw  also  various  new  appearances  upon  the  &ce  of  tiie;  moon,  f^*m  whiob  lie 
concluded  that  it  was  viry  rough  with  hills  and  vallies.  He  ako  £oiifad 
that  Ve?ms  put  on  the  samtf  pfcosel^  as  the  moon.  -  And  making  his  obser- 
vations upon  Jupiterj'he  soM^*drscoveircd  tliat  it  had-^four  moons.  After* 
wards  he  thought  of  inaking  use  of'  them  for  finding,  the  longitudes  of  pificey 
upon  the  surface  of  the  earth.  He  also  discovered,  as  he  thought,  that  So* 
tiirii  was  either  composed  of  three  bodies,  or  that  it  was  in  the  shape  of 
an  olive,  as  he  expressed  it.  Upon  directing  his  telescope  to  tlie  fixed 
stars,  he  was  surprised  to  find  that,  instead  of  being  magnified^  they  were 
diminii^ied,  appearing  only  as  points.  He  was  a  zealous  defender  of  the 
Copernican  system,  for  which  he  was  persecuted,  and  cast  iiito  prison.  He 
died  in  the  year  1642.  The  principal  works  which  this  great  man  pub- 
lished, are 

I.  Tlie  Operations  of  the  Compass,  geometrical  and  military. 

2.'  A  Discourse  on  the  floating  of  Bodies  upon,  and  their  Submersion  in 
Water. 

8.  Mechanics,  or  the  Benefits  derived  from  that  Sciencje. . 

4»;  His  Balance,  for  finding  the  Proportion  of  Alloy,  or  mixed  Metals. 

5.  His  Nuncius  Sideris. 

6.  A  continuation  of  the  last  Work  J  containing  his  last  Observations  on  $a« 
turn,  Mars,  Venus,  and  the  Sun,     ^ ;  * 

7.  A  letter  concerning  the  Libration  of  the  Moon. 

8.  On  the  Solar  Spots ;  with  an  Ephemeris  of  the  Motions  of  Jupiter*8  Sa-. 
tellites. 

9.  Problems  in  Mathematics. 

10.  Mathematical  Discourses. 

II.  A  Treatise  on  the  Mundane  System. 


«.    -I 
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132pf  .Le  p.,  Sc;¥|EiNER,  the  associate  of  Galileo,  made  a  great  many-obser- 
vations upon  the  solar  spots,  whicli  lie  published  in  a  work  entitled  Rosa  VrsinA 
He  was  the  first  who.p^id.  r-.ttention  to  the  elh'ptical  figure  of  the  sun  when  near 
the  horizon.     He  died  in  J  650. 

1321.G0PBER01  VENpE^LI^'Us,  an  Astronomer  in  Holland,  published,  in  16fif6f' 
a  Dissertation  on  the  obliquity  of  the  ecliptic,  and  bstablMed  its  variatiott* 

1  •     - 
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He  was  the  first  who  redoeed  the  parallax  of  the  sun  to  15*9  by  the  method  of 

AllISTARCHUS. 

1322.  Gassendus  observed  the  transit  of  Mercury  over  the  sun  on  Nov, 
^9  1631,  and  took  several  measures  of  its  distance  from  the  center  of  the 
sun. 

1323.  RicciOLUs,  a  Jesuit,  was  a  man  indefitti^ble  in  his  astronomical 
"pursuits.  He  published  a  work  entitled,  Almagestum  Novum,  containing  a 
collection  of  all  tlie  known  observations,  the  methods,  the  determinations, 
the  opinions  and  physical  explanations  of  the  phaenomena.  He  published 
also  his  Astronomia  refimnataj  and  Geographia  refbrmata,  containing  very 
valuable  collections.  He  attempted  to  measure  the  earth.  His  death,  hap- 
pened in  1671. 

1324.  Peyresc,  the  protector  and  friend  of  Gassendus,  was  bom  in  1580. 
He  discovered  the  times  of  the  revolutions  of  Jupiter's  satellites,  but  announced 
that  they  were  not  very  accurate.  He  also  considered  their  configurations,  and 
the  method  of  finding  the  longitude  from  them. 

1325.  John  Baptist  Morin,  bom  at  Villefranch  in  1583,  distinguished 
himself  by  his  attempts  to  discover  the  longitude  by  means  of  the  moon. 
His  method  was  good  in  theory,  but  not  practicable ;  on  this  account  he  could 
not  obtain  the  rewards  which  had  been  offered  for  the  discovery. 

1326-  Seth  Ward,  bishop  of  Salisbury,  was  bom  April  15,  1617.  He  was 
for  some  time  of  Sidney  College  in  this  University,  and  afterwards  went  to 
Oxford,  where  he  was  made  Savilian  Professor  of  Astronomy.  In  investi* 
gating  tlie  place  of  a  planet,  he  supposed  that  the  motion  of  a  body  in  an 
ellipse  was  uniform  about  the  other  focus  (that  focus  in  which  the  sun  is 
not);  it  appears  however  that  Bullialdus  had  advanced  the  same  eight 
years  before;  arid  it  is  said,  that  Albert  Curtius  first  suggested  it.  It 
is  called  however  Ward's  Hypotiiesis.  He  published  a  Discourse  concemr 
ing  Comets ;  an  Enquiry  into  the  Principles  of  Bullialdus's  philolaic  As- 
tronomy ;  on  Trigonometry ;  and  on  Geometrical  Astronomy.  He  died  in 
1689.  ■  '^ 

1 327.  Andrew  Tac<1uet  was  bom  at  Anvers,  and  wrote  some  good  elemen- 
tary thmgs  in  Astronomy.     He  died  in  1660,  '• 

1328.  Thomas  Street,  an  Englishman,  wrote  a  Treatise  entitled  Astronomia 
CarqUnay  jwrhich  were  in  use  for  a  long  time.  They  first  appeared  in  1661  ;  and 
an  eSitron  of  them  was  published  by  Dr.  Halley  in  1710.  He  eonstracted  the 
Logistic  logarithms. 

1329.  Azout  was  the  inventor  of  the  micrometer  with  a  moveable  .wire ; 
and  he  and  Picard  applied  telescopes  to  quadrants.  He  also  made  many 
observations,  which  are  recorded  by  Monnier  in  his  Histoire  Cekste.  He  died 
in  1691.  - 

vol.  II.  N  n     ^ 


1900;  AuMtomci  BoRBUbi  ihts  bofHafer Naples  in  160fr;  and  in  the  year 
46669  he  published  a  Theory  of  the. Satellites  of  Jupiter. 

1831.  i^NCBNT  WDIO9  bom  ill  Rutlandshire  in  1619,  published  a  work  en- 
titied^  AUrtmomiA  »Brita$m$ca^  containing  many  useful  Tables^  and  obscrva^ 
tions.  -.  •.■■:'.....>..,•..; 

1SS2.  Nicolas  MfiRdATOa  was  bom  at  Holstein.  He  published  his  jGohdo^ 
graphy  in  i65i^  hi4>A8tP(MiomiGal  Inetitbtes  iiiU676 ;  and  ius^  Li^rithtmttteh- 
'fiicain  1678».^'-  ''  -■»         .••      .a-.-  •  .  /     ■  -  «' 

1333.  BuixiALDus  was  bom  at  London  in  1605.  i  He  made  many  artroilor 
mical  observations,  and  published;  a  valiiable  work,  entitled,  Astrmomial^kiih 
Jaktu  He  attempted  to  explain,  the  three  inequalities  of  the  mooa^  according 
to  the  idea  of  HoRRox. 

1 334^  MicHSL  Lakgbbkus  of  Anvers,  mathematician  to  Philip  IV.  kihg  of 
Spain,  distinguished  himself  by  his  observations  on  the  spots  of  the  moon;; 
these  he  made  subservient  to  finding  the  longitude  of  places  on  the  earth's  sur- 
face, by  observing,  in  a  lunar  eclipse,  the  times  at  which  the  spots  entered  the 
shadow. 

1335.  John  Hrveuus  was  bora  at  Dantzic,  on  January  28,  1611,  In  1641, 
he  founded  an  observatory,  and  furnished  it  with  the  best  instraments  that 
could  be  procured.  Some  of  them  were  divided  into  every  five  seconds  byla 
i£vision  simiUr  to  that  of  the  vernier.  Of  these  he  gave  a  description  in  hk 
Mac/dna  Cedertis.  The  observatory,  with  all  the  instruments  and  books  which 
were  in  it,  were  destroyed  by  fire,  on  September  86,  1679.  The  damage  was 
atimated  at  30000  crowns.  The  second  part  of  his  Mcchina  Codestk  is  very 
scatre,  nearly  the  whole  impression  having  been  burnt.  He  published  a  great 
work,  entitl^  Selenographiaj  or  a  description  of  the  fiice  of  the  moon  and  its 
spots,  with  very  fine  engravings.  He  completed  the  explanation  of  the  bbra* 
tion  of  the  moon,  which  was  begun  by  Galileo,  adding  that  of  the  longitude. 
Dr.  HALLETwent  to  see  him  in  1679,  and  was  charmed  with  the  accuracy 
of  his  observations.  He  published  his  Cometographia  in  1668,  containing  a 
catalogue  of  all  the  comets  which  had  been  observed,  with  many  new  observa- 
tions and  curious  researches  respecting  their  nature.  He  published  a  work 
called  Prodromus  AslnnomicPj  et  novte  TabuUe  soiares  unh  cum  integro  Juoanan 
CatalogB^  from  his  own  observations;  his  catalogue  contains  1888  stars.  He 
died  January.  28»  1687. 

1 336.  HaY0Biff8.was  bom  in  1629,  His  first  work  was  his  Sy sterna  SiUwnuum^ 
in  which  he  hss  explained  the  various  appearances  of  Saturn's  ring ;  and  in  the 
same  work  he  annoonced  the  discovery  of  a  satellite  of  the  same  planet.  In  a 
work,  entitled  Horotogitan  oscUlatoriumj  he  explained  the  method  of  applying 
pendulums  to  clocks,  sa  ithat  the  times  of  aJl  tlieir  vibraUon3  should  be  equal 
He  was  the  first  who  investigated  the  center  of  oscillation. 
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;  23&7.  BottssT.  HIdok  WW  bom  in.  1685.  He  inventdd  ihe^Bnobik  sector,  in 
prder  to  discover  whether  the  eardi  bad  any  s^isiUe  annual.^paraUax ;  *  .aiid  thw 
led  io  dbe  disooydry  of  the  aberration  of  light  in  the  JxtWstars.  He  also  di^ 
CQYwed  a^ispotaipoli  Jupiter  in  1664 ;  and  made  mMXky>^€Aec  observations*.  He 
V^as  the  first  vho  formed  Ibe  idea  of  making  a  quadrant  to  take  angles  by  re- 
flexion.'.^ '■■"  ii.  .  ■:■;    '.*  ''.... 

-  i:Jl&a&i  iDatu2' GrfiEGOEY  was  profcssoF  of  Astronomy  at^Oxford.  He  publish^ 
ed  a  System  of  Astronomy,  in  which  he  explained  some  parts  of  Sir  I.  NcwsOn's 
£rMlQrp«f.  .  Hedied  inil708«  'i     i    •   .n^v 

.  i.aaagyWiMaAjt/WtaiOToy  waa- Tgicaritan/titei&saar  iof  matiiematica  at  jQam* 
bridge.  He  pubUsbed  his  .Theory,  of  the.  £arth;in.  1696;  and  in  i707^be^piiU 
lisbed  bis  Lectures  on  Astronomy.  :  ■    '  I  ;n  c ..  . .-.  *' . 

'.  }340.  John  :{>^minic. Cassini  vas  horn  at  Perinaldo,  on -Jime  8,  16S5.  .la 
the  setting  out  of  biiatudies^  a  book  of  Astronomy  feUb  into  his  Iiands,  .whidi 
greatly  attracted  his  attention,  and  led  him  to  the  pursuit  of  tiiat  science ;  and 
be  tt^as  very  i. early  .appointed  ^professor  of  Astronomyr  at  Bolc^na.  Here  he 
found  a  meridian  line  in  the  church  of  St.  Petronia ;  but  it  not  being  correct, 
he  obtained  leave  tfid  rectify  it.  Witb  thia  he  determined  the  -  obliquity  of  the 
ecliptic^,  and  /the  quantity  of  ihe  refraction,  of  .ibe  air.  He  also  discovered  with 
H,  the  unequal  motion  of  Ibe  sun,  and  constructed  new  solar  TaUes.  He  re- 
solved the  problem,  to  find  the  elements  of  the  orbit  of  a  planet  fiom  three  ob- 
senratioAa.  He  ^ught  the  method  of  calculating  eclipses ;  and  conceived  a 
pa?DJection,  which  served  to  find  the  longitude  of  places  upon  the  earth^s  sin:- 
face.  He  composed  a  work*  upon  comets,  from  those  which  he  observed  in 
166!|y  and  1665.  In  1665,  he  discovered  the  rotation  of  Jupiter  und  Mars 
about  their  taxes,. by  means  of  their  spots;  and  afterwards  he  discovered  the 
rotaiion.of  i^emtf.  He  employed  bimself  upon  the  theory  of  Jupiter's  satellites, 
and. 'publisbcid 'Tables  of  their  motions;  'And /from  comparing  the .observationa 
of  their .ecli|isefc  with  the  times  as  calculated  firom  thiesi^  Tablesf^-tbey  were  found 
to. agree  much ^i&etter  than  was. expected.  At  the  lequest  of  Lewis  XIV.  he 
went;dnd*eettlod  at  £ans,  and  the  Royal  Observatory imsenthi^d  to  his  care; 
andia  l'671^.4ve4i^an  to  make  regular  observatidnsBdf.Jn  the  Ekmens  d*As» 
bmamkigi  b^.his^soBt  ^^= ^^  that  .these  t)bsetvations  waite  Hpon  thbce^uinoxes^ 
s4kticeH$  *e{i^Kflliti)ans. mui  ooi]|}anctions  of  the  planets*  Im  1 67^  iMiieitecmiQed 
tbe  parallax  of  the  sun  to  be  9^";  and  in  the  years  167r^a672;i:a«d  16^,  he 
dminmiid  '.four,  of  .Ibe^eatellites  of  Satiirif^  ^and  fiaihwivfaBSfivaitioiis  showed 
hitti  that^be  fifth fsatelUte  disappeaied  esgularljDfoii.abomfihalf /a  freitoliltion^ 
wben  it^adifto^rtfae*east  of  Saturn  ;.froa»vthi&  he  fc(bBdaded/itbat  iticevolved 
dK>uti  its  ;afxisr;  iand  Sir  L  iNffnnrTOif^furtheffvCo&chidsd^^atvtBe  lime4)f  its  ro* 
tatign  was  equBJoto./the-time  of  its  i evohttied^  abdtit>S2Uuhi/  He  observed  a 
belt  upon  Satuni,*andia;falackcmark.np0neite(xili|^paraUel  to^its-edg^^  dividing' 
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it  iiito  ftwaittpiil^ipttte;  H^elMgiive  QfWi.TM^'9|i.t^(?.8ateUites  of  Jugit/nj^ 

inercasingin  lenglJkrfbir  three  year^^- and  th^n  d^cjrf^i^^jlepgth^^q.tf^ 

time  ;^  this  proved!  to  bimrtiiafc  f;b^ic  Qi^ts  ^w^CMfctupcIified  to  ^€^  <H#f t  jc^^umt^fj^ 

UpoK  eM«iiiiiig}*be  ijJiwr0f:J*ipiter^  ^<*W^We4  %titf.w*»^ 

amd  by  nieasdarig  tiiedi^ibiQter^  beiniAde  tl)em>4ii^r  ^>^  i^^^^fittS^j^;^^^^ 
wbcrifii  tief;KiUilcneif«;thM)fyiof.th»>lil^^ 

ed  ( 'by  two  :mo wmtotfea1imJ<  twQ^j^i^nett  pojes^ ;  ,flfi  .tlve  Jom:^ i)i^3»;i^e|^ia^j 
veredirdie  zodiapal  Hght  iW^sf^lgf^k^^i  ^WPQCUn^i^  ^F  fAfflo^x. 

id  tkeva(tienceiefiiAati»*pitiir£  .Jfeurf^i^^pten^rr.A^kj  ?3y*ilffi^ 

earthi}  jAd^iif  tl:6Td^^he!  e^tab^iieti  the.  Jboyi^iiPbsyEuiyatinT^iij 

aiidJdied^lht^^^eait«682.'.  :r  : /•  '-.    .(J      rcrm'-di-d  i-£}r 

itlMlli' iR^te) ; ffir. : RoEMBR^: .'waa >  bonr  in  Peni|iark : fflnthfi ^ y^ -i ^^^^  i^^* 
came  to  France  in  1672.     He  discovered  that  Ught  was  pr^gre^ve^ ,  ^0|^  Am 
eelip8«ibftjo|^itei^&fatettit€»i*/'  Iq  }68L,  he  returned  to  C^lff^^g^n^^n^^fi 
in'^^i^Vo^t'i^rAo:^  \:r.r.\.  ^^  •     ■  ••  k.  .       ....  . ,  .  ..t      ^^..^^  ^\^    ^^  . 

«^«48i  FjaiiAPiDe:la  Hire  was  bora  at  Paris  in  the  y^e^r  l^dCf ;  ^^nf^in  l^i^i^t^! 
heFtpiiblMledi his  flatroDomical  Tables;  he  likewise  made  i^ grf ajl^;rmn)l^c|p  f>C^B<H> 
tsonOmical'dbsenmitions;  ?://:•*:.   >•!?       /,r 

13441  John  Fijamstead^  the  celebrated  English  Astronocper^  >  was  bpriiat. 
Ddrby  August  19^  1646.     In  1^9,  he  calculated  some  eclipses  .of  the  .fix^d 
star^  by  thid  tfXOOD,  and' sent  them  to.the  Royal  Society,  and  received  theJthanks . 
of  that  bodyr^'^  In  1679^  be  wrote  a.  small  tract  on  the  diameters  of , the  planejiis, . 
when  at  thieir  greaitest  and  least. distances  from  the  earth  ;  ^^  which  I  lent^V,  says:. 
he,  *'  to  Mp^'Newtoh  in  1685^  who  has  made  use  of  it  in  Ih's  ^Qitrtli  hc^  pf  his« 
Prmcipia  Phil.  Nat.  Mathemak**     By  th^  time  he  was  .26..yeafs,  old9..he,9;(7. 
plained  the^  true  principles 'hfi the;  equation  of  time,  a  thing,  i^f  tk?  i^rjt  ipiipoi^ . 
anCe  lA^  Astronomy.     Charlks  IL  having  built  an  observatory  ^at  Gref;];iyi[iph9 
Mr.  FLA^8tEAT>  was  appointed  Astronomer  Royal  in.tI>e./yiQar,l676,  at4he  rer 
cottimendatiofi  of  Sir  I.  More.     A  description  of  tlie  instrument :isdth,l(^(^. 
the  observatory :  was  fumisdied  is  given  in  tlie  Prolegomena  to  tbe^hirdfvohijpiq.. 
of  the  Ilistorla  Coslestis,  which  was  published  in  1725.    A  volume  of  his  pbseic^ ', 
vations  weVe  publislied  in  1712,  by  Dr.  H alley,  by  the  order  of  Queen  Ann^ 
this  displeased  Flamstead  ;  and  he  set  about  preparing  his  observations,  for, 
the  press,  but  he  did  not  live  to  finish  the  work,  and  it  was  prinjted  after.  Jiis:, 
death.     The  first  volume  of  this  great  work  contains  the  observatfpns.  which  he- 


nis^i  Si^  a«  Dett^^'^iftl  bA«i^kd#  at  GreeAMrtehupm  tlie'ififlied:abars,.|ilaiiete^ 

s«6^d'i!&Tb^ih^^^j6tote»'<U6'|tts^      bf  th^  fix!«d^tKwiiiHtlpb|ietd  over  themop 
iia!ito{''yEh  -«lSi^]^ttce^  6f 'tHe  ))lftlRretBd6dUc6d  frotti^lilitt^  o Onie  «liird> irolmne ^ 

tl9fr'^itlfti'iHftfiiir^iMl1)y  T^biio  und  hitMetf^  tf 'dtt«tegue<itf  >khe  fixed*  ^tufeififr 

m^^fiftfl^/W^  O^iOi^iekiftc^ii^idO  fi884l^^M^^'4t(ih  tbtirl  right  asceoBib08,v 
ii«^<)k>B(^^ii»Utfe^,^  kAftua«tf,'«aiili'1oh^udfefc,  aitd(<tfaeL8iitauai'variatioD8io£- 


tiie  right  ascensions  and  north  polar  distdUi^bi^^^^tHewrMe'adbled  some J» 
tf^mik^yiimiiih^^^      i^Britftei^  Sftimpii  ^31ii8« 


:31ii8  ^gredt  Mwridis  &»  in- 
vallialfle^t»eiaW^4(P  Aiffb»dtllei«^  <  (fitr  i^«U^  (Jbfe^i4«i»  piibliahed  sa^  17158.. 
Hr^^V(i' n4#<kaar^^T^^^'^       WlAeoty  (if  ><h^didwn)acctordikigftaiHoitBaxi 
HfemdJ^uM&htff'a  l^^^ise  dn  the  dd:»riiiie  6l*thiiF  Kphere^isn  whichil^ahoMA; 
hoVib  bdnsb4ia  edi^s  df  lilto^Utt  aMd^nk^ 

atats  by  the  moon.    Dr.  Hall£t*s  Tables  and  Sir  L^AlrMv^Astlieoitflof  .thoi 
Mn  ^^fcMdeA^tin<Mri^F^Alc6tEJU)'B«ilD^^ 

'I34ir^5nf-L  NfcWtOK/di6  foifnder  of  phyacftl  AatrMon^^^.^ras imit <DecMt^. > 
ber  85,  1642.     In  the  year  1660,  he  was  admitted  at  Trinity  CoU^^^^^mf 
bridge,  and  in  1^67,  was  chos^  fellow  of  that  societjr;  andiin*1669l  h^m^ 
tUH^'A  tttcaitiah  professor  df  mathematics,  iipoti  the  resignatioa  of  )Dr;  B^a^- 
ROW.     His  great  work,  entitled  Philosophice  Naturatis  Prhicqna.MathemaHcaf- 
was  fir^l  jyublisK^d  in  !r^8ev'&i>^' another  enlarged  iBditian  was  poUisbed  jn 
l7rdi  with  a-ptd&ce  by  Gotss.     In  this  work  tM  unfold^»tiie  law  of  attraction^ 
ahtl  slrov^  h^'it- ^ill  'solve  the  nlo<($^ris'tthd>the  fxrincipal  pha&nomeoa  of:  the 
diflfei-eht  BtiAibi  in '  the  system.     And  ihig^mime  "prindiiWlbive  been  since  fliN 
ther  ai^lidd,  ind  shown  to  be  compMent  tot«6ciHjrot  fbr*aU]the.ftfni^inequali« 
ties  of  thei^'nibtrdfrs  of  the  heavenly  todiesL    iii^ldlilosophyris  fifuAded  upon 
ejt^erimentand'demohstfation,  and  thel*eftire  itAttukhrAAnnot be ttOt|U'0¥?i^ 
His  Treattsdf  ifn  49p\ii9  alone  wduld*hai^6>jnm(hidis<artiiiiii;  ^fo- enUn^erate  : 
his  Vafriou^  d^scoveH&sV  ft^<l  the  extent  to  wliich  his  priifdiples  lead,  i9/hepie  un* 
neCfcsSdryi  a*  %ey''ftiv«*  alreftdy  appeared  in  /the  'course  of  this  iiir^JtL.   rHi^ 
imFfetrtfons  al^i'iiS  j)iii^^  miAlhematics  are  well  knownito  have  bec^no.less  im- 
portilht  than  tliose  in  philosophy ;  and  by  a  union  of  these j  th«  prpgiress.of  sci* 
eJBteii'  {reems^to  be  tmbOunded.     His  deep^ insight  into  natuF6V5l^d  him.but  tiie 
mor^  io  adbre  its  Author.    He  sp^nt  o  cmisiderable  part  of  hh  ibfe  in  ^ex^icpia. 
in^'  the  sacred  records;  and  that  cxarhinatibn  con^rmed  him  in;hia.b|^e|f  of 
the'  TelationsribA&ifie<F  in  thetoi.' '  He  died  March^  ito,  172^9  and  waa  buried  in 
WestmiWter  Abbey: 
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iMt^  B»ix  CcYES  WIS  bom  at  Burbagein  Leicestershire,  July  10,   1682, 
H*  »»  edadted  at  Trinity  College,  Cambridge ;  and  in  the  year  1706,  was 
'     i  f^-frziias  Professor  of  Astronomy  and  Kx|)erihnental  Philosophy  ^  being 


ir9Z  vbo  was  appointed  to  tliat  office.     In  the  year  171S,  he  published  a 
M=  echioQ  of  Sir  I.  Newton's  Principia^  and  inserted  all  the  author's  im- 


ion«i:eo».  To  tliis  edition  he  prefixed  a  pre&cc,  in  which  he  explained  the 
1-^  •^^ec^od  oi  philosophizing,  showed  the  foundation  on  whioh  tiie  New- 
r^-  --  p?  :t*of>hv  \y^  built,  and  refuted  the  objections  which  had  been  made 
^y^  Yj:>  extraordinary  man  died  in  1716.  After  his  deatli,  Dr,  Smitli, 
^  VJ^  ^,j-  Tiinitv  College,  the  author  of  a. celebrated  treatise  on  optics,  and 
jir:-  sher  on  Harmonics,  published  the  works  which  Cotes  left  behind  him,  con- 
Mc-^-T  -  his  Lectures  an  Hydrostatics^  and  bi^  Harmoiua  Mennararum. 

■^-HT.  J  AMIS  Philip  Maraldi  was  bom  August  21,  1665. .  He  determined 
•%e  rt'?n>sn»do  motion  of  the  nodes  of  Jupiter,  and  the  progressive  motion  of 
is»9uhclion.  He  also  corrected  the  theory  of  Mars.  In  1704  he  perceived 
\\\xi  the  motion  of  Saturn  was  diminishing  ;  and  in  1714  be  gave  a  full  expla^ 
Mjif  o«  pf  the  jAaenomena  of  its  ring.  From  observations  on  the  eclipses  of 
>«iucer*s  satellites,  he  concluded  that  the  inclinations  of  their  orbits  were  sub- 
KVt  to  a  variation.  This  enquiry  was  pursued  till  his  death,  which  happened 
m  I  :^>.  He*teft  a  nephew  John  Dominic  Maraldi,  who  observed  a  variation 
Ml  ihe  incHnstibn  of  the  orbit  of  tlie  third  satellite,  and  an  excentricity  of  the 
4M^!t  ofthe  WUrth. 

i.HtS.  At  tWs  time  lived  Mr.  Pound.  He  measured  the  diameters  of  Jupiter, 
4nd  Ituunl  tlu*hi  to  be  as  12  :  13 ;  and  published  new  Tables  of  the  first  satel- 
\\\K\  t%^r  the  c6mputation  of  its  eclipses,  making  the  equations  all  additive.  He 
iwnitod  ihc  motions  of  the  satellites  of  Saturn,  and  made  some  accurate  obser* 
\Ati\uis  iiu  thcin.  He  also  made  further  astronomical  obser\*ations,  as  may  be 
^tvn  in  tlio'JPM  Trans. 

\  :\4\K  About  the  same  time  lived  Gabriel  Philip  de  la  Hinr,  who  examined 
x\w  nuMions  of  Jupiter,  and  found  that  the  progressive  motion  6f  its  aphelion^ 
.1^  v'«\ou  in  the  Rodolphine  Tables,  was  too  slow,  lie  also  constructed  a  sys- 
torn  i»r  rriiss  wires  in  the  focus  of  the  object  glass  of  a  telescope,  for  the 
ohM'ivnt  ion  of  eclipses. 

i:s.;o.    iMi.wns  Bianchintt,  born  at  Verona  on  December  f 3,  1662,  pub- 

\\Aw\\  a  work  on  tlie  rotation  of  JTcnus.      He  also  made  a  gfeat  many  ob- 

•  .,  li 
M*»\  itions. 

\:k\\.  Do  Lovillk  was  born  July  14,  1671,  and  made  many  astronomical 
%i|i>or\aiion!t  at  Paris.     He  was  the  first  who  applied  the '  micrometer  to  the 

t|(i»ilniiit.  ,    .  .1  ,  t 

IA5)I.  -The  ecAebiited  AstfoDomer,  Dr.  BfiMUKP  HAcistr,  was  bont  Noveih- 

l««»i>  H.  1656,  aHd  entered  at  Oxibrd  at  the  a^  ti£'l^  j^Xi;' '  Wo V^iiirs  after, 
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he  published  a  direct  aod  |;eoinetrical  method  of  finding  the  apUelia  and. ex. 
ceutricitie&of  tbfi  orbita.of  the.  planets.  At  the  age  of  20,yeajrshe  went  tp 
St-  Helena  to  make  a  catalogue  of  the  southern  stars,  which  he  published  in 
1679»  During  his  stay  there  he  observed  the  transit  of  Mercury  over  the 
sifn'$  diac, .  ani;^,  that  suggested  to. him  the  idea  of  finding  the  parallax  of  the 
sun  )>^  thf.  transiit  oi^Verm  ovjef .  its  disc^  .this  important  problem  he  solved, 
apd.  reqpinmendpd  tp  future  Astronomers  tp  put  it  in  practice.  Had  he  done 
nothing  else  in  Astronomy,  this  wouldji^ve  iipmort^lized  him,.  In  1679,  he 
made  a  visit  to  U^rv^uus,  with  whom  h^  stayed  and  observed  for  some  time  \ 
and  returning  hQ4ne,.he  soon  after  set  out  ^  to  m^l^e  a  tour  upon  the  continent 
with  Mr.  R.  Nelson,  his  schoolfellow,.  J^iji.his  way  from  Calais  to  Paris,  he 
obaei*ved  the  remarkable  cpmet  in  its  accent  from  the  sun,  which  he  had  before 
observed  in  its  descent.  Upon  hisi  return,  he  married  and  settled  at  Islington, 
where  he  set  up  his  astronomical  instrumeints*  In  168S,  he  published  his 
llieorjf  of  the  Variation  qf  tiie  magnetical  Compass  ;  in  which  he  supposes  that 
the  earth  has  four  magnetic  poles.  In  1684,  he  turned  his  thoughts  to  the 
subject  of  the  relation  between  tlie  periodic  times  and  distances  of  the  planets, 
and  concluded  from  it  that  the. centripetal  force  must  vary  inversely  as  the 
squares  of  the  distances ;  but  not  being  able  to  proye  it,  he  applied  to  Mr, 
Hook  and  Sir  Christopher  Wren  ;  they  however  not  being  able  to  give  him 
satisfaction,  he  went  to  Cambridge  to  Mr.  (afterwards  Sir  Isaac)  Newton, 
who  soon  gave  him  a  proof  of  his  position.  Dr.  H alley  becomiog  acquainted 
with  Mr.  N]S)¥TOK,  be  persuaded  him  to  publish  his  P/UIosophke  NaturaUs 
Principia  Mathemaiiea^  and  undertook  tlie  care  of  the  publication.  In  1685, 
he  published  the  method  of  finding  altitudes  by  the  barometer ;  and  in  the 
next  year  came  out  his  account  of  the  trade-winds  and  monsppns.  He  also 
published  a  map,  representing  their  directions.  In  the  year  1687,  he  u^d^r- 
took  to  explain  tlie  reasons  why  the  Mediterranean  Sea  is  not  observed  tp 
swell,  notwitlistanding  there  is  no  visible  discharge  of  the  prodigious  quan- 
tity of  wat^r  which  runs  into  it  from  so  many  large  rivers,  and  ^e  constant 
setting  in  of  the  current  from  the  streights.  He  constructed  equations  of 
tliree  and  jfour  dimensions ;  and  gave  a  rule  for  appro^mating  to  the  roots  of 
equations.  He  next  undertook  to  publisli  a  correct  Ephemeris  for  1688,  In 
the  beginning  pf  1691,  lie  published  Tables. of  the  conjunctions  of  Mercury 
and  Venus  with  the  ^un.  The  next  year  he  produced  his  Tables  for  showing 
the  value  of  annuities  for  life,  founded  on  th^  bills  of  mortality ;  and  soon  after, 
he  published  his  imiversal  theorem  for  the  foci  of  lenses.  Wishing  to  make 
obseryittions  in  prder  to  determine  the  variation  of  the  needle,  he  applied  to. 
kibg  WiixiAM  lit.  who  ftppointed  him  captain  of  a  vessel,  with  proper  assist- 
aQt8» .  He  (yrjis^e^  tlie  Une  and  proceeded  as  &Lr  ^s  -.S^/^  south  latitude ;  and  in 
W.Wiy  JiMfii^. W;!tpu^j^  9k  St.  Helena,  the  poast  o£  Brazil^  Cape  Vev^^i  B^T*: 
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badoes,  Madeira,  the  Canaries,  the  coast  of  Barbary,  3cc.    And  on  his  r6tam 
home,  he  published  a  chart  with  curve  lines  denoting  the  variation  of  the  com* 
pass.     Soon  afler  tliis  he  went  out  to  observe  the  course  of  tlie  tides  in^  the 
British  channel,  with  the  situations  of  the  principal  headlands.      Upon  the 
death  of  Dr.  Wallis,  he  was  appointed  Savilian  Professor  of  Geometiy  at 
Oxford ;  and,  by  request,  he  translated  ApoUonius  from  tlie  Arabic  into  latin. 
In  1705,  he  announced  the  return  of  a  comet  in  the  year  1759,  which  hap- 
pened accordingly  within  about  a  month  of  the  time  he  predicted.     He  had 
the  glory  of  being  the  first  who  foretold  an  event  of  tliis-kind;  and  it  is  the 
only  one  which  has  been  predicted  and  tlie  prediction  fulfilled.     He  published 
a  Synopsis  of  tite  Astronomy  of  Comets.     In  1713,  he  was  appointed  secretary 
to  the  Royal  Society.     As  perfecting  the  theory  of  the  moon  was  his  great 
object,  he  was  now  determined  to  complete  it  j  and  in  1715,  he  finished  it,  so 
far  as  regarded  the  syzygies  ;  so  that  his  calculation  of  eclipses  answered  to  a 
degree  of  accuracy  which  had  never  been  before  experienced.     His  reputation 
was  now  so  great,  that  upon  the  death  of  Mr.  Flamstead  in   1719,  he  was 
appointed  the  Astronomer  Royal  at  Greenwich  ;  in  which  year  he  pubhshed 
new  Tables  of  the  sun,  moon  and  planets.     This  gave  him  an  opportunity  of 
completing  the  theory  of  the  moon's  motion.     He  tlierefore  immediately  fixed 
up  a  transit  instrument,  and  began  his  observations  ;  and  though  he  was  then 
in  the  64th  year  of  his  age,  yet  he  attended  to  observe  the  moon's  transit  for 
18  years  afterwards;  in  the  first  nine  years  of  which  he  made  1500  observa* 
tions,  which  he  announced  to  the  public,  and  showed  how  Uiey  tended  to 
correct  the  theory  of  tlie  moon.     In  the  year  1725,  he  procured  a  mural  qua* 
drant  with  which  he  also  observed.     Upon  the  accession  of  George  II.  to  the 
throne,  his  consort.  Queen  Caroline,  made  a  visit  to  the  Itoyal  Observatory 
at  Greenwich,  and  was  much  pleased  with  the  reception  she  there  met  with  ; 
and  Dr.  Halley  having  formerly  served  as  a  captain  in  the  navy,  she  obtained 
for  him  his  half  pay  for  that  commission,  which  he  enjoyed  during  his  life. 
An  offer  was  made  him  of  being  mathematical  pieceptor  to  the' Duke  of  Cum- 
berland, but  he  declined  that  honour  by  reason  of  his  age,  and  also  as  it 
would  interfere  with  his  duty  at  the  Observatory.     In  1729  he  was  admitted  a 
foreign  member  of  tlie  academy  of  sciences  at  Paris,  in  the  room  of  Signior 
BiANCHiNi.     After  his  death  (which  happened  the   14th  of  January,   1742), 
M .  Mairan  read  an  elogy  on  him  before  tJie  academy,  in  which  he  speaks  of 
the  universality  of  his  genius,  as  comprehending  a  knowledge  of  almost  all 
the  sciences,  astronomy,  geometry,  algebi-a,  optics,  artillery,  speculative  and 
experimental  philosophy,  natural  history,  antiquities,  philology,  and  criticism  ; 
,  abounding  with  ideas  new,  singular  and  useful.     And  concludes  with  observ- 
ing, that  he  had  all  the  qualifications  necessary  to  Recommend  him  \o  the  at- 
tention of  princes,  and  the  applause  of  the  learned.  ^  -He  was'buriecl  at  Lee 
n^ar  Greenwich.  5 
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id5S.' John  James 'CAsdt^ii'^l^sdfi  'bfJotftt  Dominic*  CASsmi,]  before  itnen- 

tioned)  was  born  atTkris!^ebytral^y  ^ts,  >ien|  aird  died  April.i*5^:  I756iu:v«e 

publis^ed*a  S)^teW of 'Ast^ndtn^, •  v4(Ai  ^Etstronomical  Tables;  a  ver^  valuable 

Work.    A  great  patt  of  this  wbs  founded  upon  the  observationa  of  hia  &« 

'€h6t; '  H^  -also  |liiblished  many^thei^  things  in  the  •difiereni  Memoirs.     CesAa 

feA*cts  CASftii^i.de  l^Dtet'hfe  soB^^  a£ba,  haviilgvniade  a  great 

Jhany  Useful  observations  in- Astronomy. '  *  Jouir  DoMimo  Ga3SINj  :(3on  of  M* 

*de  Thury)  is  hoNir  at  the  observatory  of  i^aris.^'♦'^^^    .::!  ^  ,      ^       . 

'^'  1S54;  Bou<&tTER  was  borlt^at  ©roisio ^ February  ^^  1698/    His  Treatise' on 

■'Qie  fignre  oJT  th^  eaHh' i^  a  valaable ^drk;.  i ^iiesi '^i^w^^nd  De  la  Condamine 

went  to  South  AiiieM<^  to  ni^a^ure^  degode; '  ^sndmordeii  to.pufc  the  doctrine 

M'nniversd  atitraction  to  the  te^t,''dieyf'fi)Uiid>^1iKit  the  jCoodilieraa.  actually 

Attracted  the  'plUmb  fine  aiid^  dreW  iC  ^tfsibly  frdoi  -  its  jperpendicular  position^ 

id5S.  Maupertuis  ^as  bdrn  at  St.  Maio  <Septenibsr^98»  1698»  aqd  kcele- 
b)r^ted  for  liJs  journey  to  I^pland  in*  older tdmeasur&a. d^ppee<x>f  latiti^ 
His  'colleagues  wiere  CtAiRAuT,  Camus,  Le  MtismxfL,  tfaer  Abb^jQuTHiEB  and 
Cliii^^tTis.'    MA'uFEkTi^is  published  also  the  Element^  of  ijeogibpb^,  :a3Kl  ciMaui- 
ticJal  AstrqriOn^.     He  died  in  1759.  •»  •:     j;'.:iv   ?'»-i!!:.I    ;  .- 

"13^6.  De  k  Caille  was  born  in  1713*  «nd  nvak  one  ofthe  ifiist.  AstraiKK 
mers  of  his  titite.  He  published  an  Ephemeris ;  Tables  of  the  sua  );r:a  .Ci|ta- 
Ibgue  of  the  fixed  istars ;  on  Parallax,  Refraction,  and  the  Figofepf  the  JEliarlii; 
on'  Comets  and  Eclipses.  His  observations  may*  be  found  in  Mae,  Memakres^de 
VAcddemie.  He  went  to  the  Cape  to  make  observations  in  ordeir  to  ^dttersKune ,  ' 
^in  Conjunction  with  those  made  in  Europe,  the  parallax  of  the  moon^  ;AAd 
frorti  these  observations  he  also  determined  the  quantity  of  reftactioQ.  i.His 
Aistronotiiical 'Lbssons  were  published  in  1746«  This  celebrated  Adtronomfr 
died  in 'I762i'*    ''■'  ''■'-  ^^  •  -  ^. :  ..  .  -^nf  '..■".    •  v:.,-:-;m-; 

isij^.  PeteIr  Horrebow  mbde  a  gr^srb^  many  astronomioal  observlttioM, '  md 
pubUshed^WS^  Cittrf* -4  ^/ronomifl?,  $Lnd  Basi^  Jstrdnomue.'  H^  .died:at.Copea- 
'■  fiagen  in  tJif  6"  yeif' 1 764.  -'      ■  ■  ■■  ■  '  iVi;i  •Ou;..-    ir.r   :/ 

*   1««8.  JoskpH  Nicholas  de  TIsi^e  -ims  banii^af  I!aaswiiBa608.^^.B 
'rfe^cliigs,  daleulations  and  obtervationsy 'lid/^cjiilritartedimuch  tD,'lhe,pi^ 
|^^o^  AstirbnoniyJ    He  died  in  1768.      ^^  / -:  ; .  :r.  ;  '^  >  ^  .  • !    ,.>  ./  ,, 

.    '1359/ The  bielebriit'ed  EnjgUsh  AstronomerJAMEsBaADLEYwas  bora:  in  1^92. 

^^e'itoiiox^Ifeed  Tiiriiself  bjr  two  of  the  most  delicate  and  important  <ti8€<^teries 

-liirtf'eV«r  wereiiiide  m  Astronomy:  the  aberration). of  .ligkt  iniitbe.  Iioavenly 

*lKklieS}'and  the  nutation  of  the  earth^a  axis; $  the  %mtf;aifoinrhsch»he  showed 

^  ^'  arise  *from  the -progressiva' motion  of  '%ht  and  lofr  tl|€l(p»tklrdii  itSiOPbit}*  and 

.laie  litter,  fit^ the  attrttction  of- the  moonkipfm  the).pro(kabemnt p^jtti  of  the 

.^toOi  af^ve  thal'bfiVsiitseribfed  spheres;  '^Mjiy\iAuftmkAiiAbi\t(meta  whjeh 

^^ett*ed  In  !lt2^,  1736,  i14$jmd'i737y«A^ysom^utJbA:th€^^^         o£^  thW 

V0L#  !!•  0  0  Lr.v.w/-  ij?: 
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orbits.  He  oonstnicted  new  Tables  at  JmpUa^s  mtMitn  fimn  Us  awm  ofaser- 
vmtions  and  those  of  Mn  Fouko.  On  the  death  of  Dr.  Hauxt  ia  174fl^  be 
succeeded  him  at  the  observatory  at  Greeowidi ;  from  whidi  dine  to  timt  of 
his  death,  he  was  inde&tigable  in  obserang  the  sun,  moon,  planets,  and  fixed 
Stan.  He  settled  the  quantity  and  laws  of  refrsction  to  a  great  di^ree  of  ao 
curacy;  and  gave  a  very  elegant  rule  far  correcting  the  mean  lefiaction 
from  the  \*ariation  of  the  weight  and  temperature  of  the  air.  In  the  year 
1750  he  procured  a  very  fine  transit  instrument  to  be  made  for  die  obav- 
vator}^  by  Mr.  Bied  ;  and  also  a  muni  quadrant  of  brass  of  eight  feet 
radius.  With  these  instruments  he  continued  his  observatkHis  till  the  tiaae  of 
his  death,  which  h2q>pened  in  1 762.  The  first  volume  c^  these  obeervadsans 
was  published  by  Dr.  Hobnsbt,  pitrfessor  c^  Astronomy  at  Oxford,  wlw  oa 
account  of  his  health,  consigned  the  publication  of  the  remaining  part  to  Mt> 
Robertson,  Savilian  professor  of  geometry. 

Idea  Tobias  Mater  was  bom  at  Marbach  in  Wirtemberg,  Februaiy  IT, 
1723.  His  first  observations  were  made  at  Xurembeig ;  afterwaixls  he  wc^ 
to  Gottingen,  where  he  continued  to  obsenre  with  very  excellent  instrumcaCfc 
His  great  object  was  to  construct  correct  Tables  of  the  moon;  fyt  which  pm^ 
pose  he  composed  a  very  elegant  theory,  with  which,  and  his  dbseiratiooKS,  he 
ibnned  new  and  very  correct  Tables  of  the  motion  of  the  moon.  A  oapw  af 
these  in  1755  were  sent  here  to  the  Right  Honourable  the  Lords  Commis^ 
^rs  of  the  Admiralty,  putting  in  a  claim  for  the  reward  cfSered  £x  the 
very  of  the  longitude.  Dr.  Bradley  compared  them  with  his  own 
observations,  and  was  convinced  of  the  excellency  of  the  Tables.  But  Mai 
continued  correcting  them  till  the  time  of  bis  death  (which  happened  in  1*762}, 
and  left  behind  him  a  more  complete  set  of  lunar  Tables,  and  also  a  very  cor- 
rect set  of  solar  Tables.  For  these  bis  widow  received  SOOOA  He  ako  left  a 
catalogue  of  the  fixed  stars.  A  volume  of  liis  posthumous  works  was  pufaiidied 
in  1 774 ;  and  it  is  to  be  hoped  that  the  world  will  be  favoured  with  those 
which  remain  unpublished. 

1361.  M.  Waroentin,  an  excellent  Astronomer  of  Swedeif,  publidied  a 
set  of  Tables  for  computing  the  times  of  the  eclipses  of  Jupiter*s  satellites^ 
in  the  Upsal  Acts  for  1741  ;  and  since  that  time  he  has  applied  various  correct 
tions  to  them. 

1 362.  Of  those  who  have  written  upon  physical  Astronomy,  M.  Clairaut^ 
D'Alembbrt,  Euler,  Mayer,  Frisi,  Simpson,  La  Place,  and  M.  de  la 
Grange  are  the  most  eminent.  By  the  labours  of  these  celebrated  mathemat 
ticians,  the  Tables  of  the  motions  of  the  bodies  in  our  system  have  been  cor- 
rected  to  an  extreme  degree  of  accuracy ;  and  their  names  will  go  down  to 
posterity,  as  completing  that  super-structure  of  which  the  Great  Ncwton 
the  foundationv  3 
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1S6S.  Upon  the  death  of  t)r.  Bradley,  Mr.  Bli$s,  Savilian  professor  of 
Astronomy  at  Oxford,  succeeded  him  at  the  observatory  at  Greenwich,  who 
lived  there  but  a  very  little  time,  dying  in  the  year  1765. 

1S64.  M.  Bailly  published  at  Paris  the  History  of,  ancient  and  modem  As- 
tronomy. W^  are  also  indebted  to  him  for  a  valuable  Treatise  on  the  theory 
of  Jupiter's  satellites,  which  \^as  printed  in  the  year  1 766.  • 

1365.  Dr.  Long,  master  of  Pembroke  Hall,  Cambridge,  and  Lownd&m  Pro- 
fessor of  Astronomy,  published  a  Trea.tise  on  Astronomy  in  five  books.  He 
also  constructed  a  sphere  of  17^  feet  diameter,  in  which  there  is  a  floor  so  sus- 
pended, that  the  sphere  has  a  free  motion  about  its  axis.  On  the  concave 
eur&ce  the  constellations  are  painted.  The  mechanism  is  tery  siitiple  and  ia- 
'  genious.     He  died  in  1770,  in  the  90th  year  of  his  age. 

1S(S6.  In  the  year  1739,  Mr.  Donthorne  published  his  Astronotrnf  of  the 
Moon;  the  Tables  were  constructed  from  Sit  I.  Newton's  theory ;  to  which 
he  added  precepts  for  calculating  eclipses. 

1367.  In  1741,  M.  le  Monnier  published  his  Histoire  Celeste;  containing  a 
collection  of  observations  from  the  year  1666  to  1685,  made  by  order  of  the 
king ;  with  a  preliminary  discourse. 

1368.  M.  Pinore' published  a  very  valuable  work,  entitled  Cametographie^ 
containing  the  history  and  theory  of  comets.  This  was  printed  ia  1783,  and 
1784. 

1 369.  To  that  celebrated  Astronomer  M.  de  la  Lande  the  world  is  indebted 
for  the  most  important  improvements  in  the  science  of  Astronomy.  Through 
so  extensive  a  field  he  h^s  lefl  no  track  unbeaten ;  almost  every  part  has  re- 
ceived improvements  from  him;  but  we  cannot  here  enter  into  a  detail  of  them. 
His  System  of  Astronomy  is  invaluable;  and  has  tended  far  more  to  the  gene- 
ral  promotion  of  that  science  than  all  other  works  which  ever  appeared  upon 
the  subject.     Tlie  labours  of  this  great  Astronomer  will  perpetuate  his  name. 

1370.  For  the  discovery  of  a  seventh  primary  planet  we  are  indebted  to  Mn 
(now  Dr.)  Herschel.  By  his  great  skill  and  industry  in  the  construction  of 
very  large  specula,  he  has  made  telescopes  which  have  opened  new  views  of  the 
heavens,  and  penetrated  into  the  depths  of  the  universe  ;  unfolding  scenes  which 
excite  no  less  our  wonder  than  our  admiradon.  To  this  new  planet  he  has 
discovered  six  satellites ;  and  also  two  more  belonging  to  Saturn  /thus  he  has 
added  nine  bodies  to  our  system !  The  various  and  interesting  discoveries  of 
this  illustrious  Astronomer  the  reader  may  see  in  the  Philosophical  Transactions ; 
they  are  such  as  must  transmit  his  name  to  the  latest  posterity: 

1371.  Dr.  Maskelyne  succeeded  Dr.  Bliss  at  the  observatory  at  Greenwich. 
To  the  abilities  and  indefatigable  attention  of  this  celebrated  Astronomer,  nau- 
tical Astronomy  is  altogether  indebted  for  its  present  atite  of  perfection.  Of 
our  Nautical  AbnanaCp  that  great  Astronomer  M.  de  la  Lande  thus  writes : 
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^*  On  a  fsLit  a  Cologne,  k  Vienne,  k  Berlin,  h  Milan  ;  mais  le  Nautical  Almanac 
de  Londres  est  Pephemeride  la  plus  parfaite  qu'il  y  ait  jamais  eu/*  He  has 
established  the  Newtonian  doctrine  of  universal  attraction  upon  the  firmest 
foundation,  by  his  experiments  upon  Schehdllien.  His  regular  observations  of 
the  sun,  moon,  planets,  and  fixed  stars,  which  are  every  year  published,  are  al- 
lowed to  possess  an  unrivalled  degree  of  accuracy ;  and  we  may  consider  them 
as  the  basis  of  future  improvements  of  the  Tables  of  the  planetary  motions.  M. 
de  la  Lande  in  his  Astronomy  (Vol.  ii.  p.  121.  last  edit.)  speaking  of  astrono- 
mical observations,  says,  ^^  Le  recueil  le  plus  modeme  et  le  plus  pr^cieux  de 
tous  est  celui  de  M.  Maskelyne,  Astronome  Royal  d'Angleterre,  qui  com- 
mence i  1765,  et  qui  forme  d^ja  deux  volumes  in-folio  jusqu*^  1786.  La  pre- 
cision de  ces  observations  est  si  grande,  qu'on  trouve  souvent  la  m£me  seconde 
pour  I'ascension  droite  d'une  planete  d^duite  de  differentes  ^toiles^  quoiqu'on 
y  emploie  la  mesure  du  temps."  His  catalogue  of  fundamental  stars  is  an  in- 
valuable treasure.  These  and  his  other  various  important  improvements  in  this 
science  entitle  him  to  the  most  distinguished  rank  amongst  Astronomers,  and 
will  render  his  name  illustrious,  as  long  as  the  science  of  Astronomy  shall  con- 
tinue  to  be  cultivated.  Of  this  celebrated  Astronomer,  we  shall  speak  more  in 
another  place. 
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Art.  1372.  XT  has  been  justly  observed,  that  the  knowledge  of  nature  is  the 
firmest  bulwark  against  Atheism,  At  a  time  therefore  when  infidelity  so  much 
prevails,  and  when  even  philosophy  has  been  charged  with  promoting  it,  it  may 
be  proper,  in  order  to  stop  the  prevalence  of  the  former,  and  refute  the  unjust 
charge  against  the  latter,  after  having  treated  on  the  system  of  the  universe,  to 
take  some  notice  of  those  extraordinary  marks  of  design  in  its  construction, 
which  prove  so  clearly  that  it  could  not  have  owed  its  formation  to  chance,  but 
to  the  contrivance  of  infinite  Wisdom.  The  Deity  can  only  be  known  by  his 
works  ;  and  the  works  of  the  creation  afford  a  very  convincing  proof  of  a  su- 
preme Being,  who  formed  such  vast  bodies,  and  "  gave  them  laws  that  should 
not  be  broken."  If  we  trace  not  the  cause  from  the  effect,  we  neglect  to  direct 
our  knowledge  to  that  end,  to  which  all  our  enquiries  into  nature  ought  to  tend. 
From  the  works  of  God,  we  must  seek  to  know  him.  Let  us  not  deny  the 
being  of  a  supreme  Intelligence,  who  is  the  cause  of  all  things,  because  he  is 
not  the  object  of  our  corporeal  senses ;  "  he  has  not  left  himself  without  wit- 
ness;'* his  existence  and  attributes  are  manifest  from  the  construction  of  the 
universe,  and  the  ends  for  which  it  was  formed ;  but  the  nature  of  his  essence 
surpasses  the  conception  of  our  limited  faculties.     "  We  see  but  in  pajrt." 

The  obvious  argument  for  the  existence  of  a  Deity,  who  formed  and 
governs  the  universe,  is  founded  upon  the  uniformity  of  the  laws  which  takes 
place  in  the  production  of  similar  effects  ;  and  from  the  simplicity  of  the  causes 
which  produce  the  various  phaenomena.  The  most  common  views  of  nature, 
however  imperfect  and  of  small  extent,  suggest  the  idea  of  the  government  of 
a  God,  and  every  further  discovery  tends  to  confirm  that  persuasion.  The  an- 
cient philosophers,  who  scarce  knew  a  single  law  by  which  the  bodies  in  the 
jsystem  are  governed,  still  saw  the  Deity  in  his  works  ;  how  visible  therefore 
ought  he  to  be  to  us,  who  are  acquainted  with  the  laws  by  which  the  whole  is 
directed !  The  same  law  takes  place  in  our  system  between  the  periodic  times 
iand  distances  of  every  body  revolving  about  the  same  center.  Every  body  de- 
scribes about  its  respective  center  equal  areas  in  equal  times.  Every  body  is  sphe- 
rical. Every  planet,  as  far  as  our  observations  reach,  is  found  to  revolve  about 
an  axis;  and  the  axis  of  each  is  observed  to  continue  parallel  to  itself.  Now  as  the 
circumstances  which  might  have  attended  these  bodies  are  indefinite  in  variety, 
the  uniform  similarity  which  is  found  to  exist  amongst  them,  is  an  irrefragable 
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argument  of  dedign.      To  produce  a  succession  of  day  and  night,  eitber  the 
sun  must  revolve  every  day  about  the  earth,  or  the  earth  must  revolve  about 
its  axis ;    the  latter  is  the  more  simple  cause,  and  accordingly  we  find  that  the 
regular  return  of  day  and  night  is  so  produced.     As  far  also  as  observations 
have  enabled  us  to  discover,  the  return  of  day  and  night  in  the  pldnets  is  pro- 
duced by  the  operation  of  a  similar  cause.      It  is  also  found,  that  the  axis  of 
each  planet  is  inclined  to  the  plane  of  its  orbit,  by  which  a  provision  is  made* 
for  a  variety  of  seasons ;'  and  by  preserving  the  axis  always  parallel  to  itself 
jummer  and  winter  return  at  their  stated  periods.    Wliere  there  are  such  in- 
^ontestible  marks  of  design,  there  must  be  a  Designer  ;  and  the  unity  of 
design  through  the  whole  system,  proves  it  to  be  the  work  of  One.    The  gene- 
ral laws  of  nature  show  the  existence  of  a  divine  Intelligence,  in  a  much 
stronger  point  of  vie^,  than  any  work  of  man  can  prove  him  to  have  acted  fitim 
iutention  ^  inasmuch  as  the  operations  of  tlie  former  are  uniform,  and  sutgect 
to  na  variation;  whereas  in  the  latter  case,  we  see  continual  alterations  of  plan, 
and  deviations  from  established  rules.     And  without  this  permanent  order  oiP 
things,  /experience  could  not  have  directed  man  in  respect  to  his  fhtiire  dpeci> 
tioiuu    These  fixed  laws  of  nature,  so  necessary  for  us,  is  an  irresistible  aigta* 
jnent  that  the  world  is  the  wQr}e  of  a  wise  and  benevolent  Being.    The  laws  cf 
nature  are  the  laws  of  God;  and  how  &r  soever  we  may  be  able  to  trace  uf 
causes,  they  must  terminate  in  his  will.    We  see  nothing  in  the  heavens  whidi 
•igues  imperfection ;  the  whole  creation  is  stamped  with  the  marks  of  DnnmTT. 
We  can  form  no  idea  of  that  power  called  Attraction^  by  which  distant 
bodies  are  made  to  act  upon  each  other  without  any  apparent  connection  ;  and 
yet  we  know  that  all  the  bodies  in  our  system  are  retained  in  their  courses  bjr 
such  a  powen   And  it  is  a  very  singular  instance  of  the  unerring  wisdom  of  tho 
CftEAToa,  that  the  law  which  this  power  observes  is  sucl^,  that  notwithstanding 
the  mutual  attractions  of  the  bodies,  the  system  will  never  fall  into  ruin,  but  ii 
capable  of  preserving  itself  to  all  eternity.  Moreover,  the  mutual  attraction  which 
takes  place  between  distant  bodies,  could  not  of  itself,  either  produce  their 
motion  about  the  sun>  nor  the  rotation  about  their  axes;  it  required  an  external 
impulse  to  operate  in  conjunction  with  it,  to  produce  these  effects ;  an  act, 
which  nothing  but  the  arm  of  Omnipotence  could  accomplish.  And  Ae  power 
which  thus  connects  the  distant  bodies,  operates  also  on  the  constituent  parti, 
des  of  the  same  body,  and  preserves  its  figure ;  for  without  attraction  the  par* 
tides    must  have  been  dissipated  by  their  rotation.      An   invisible  power 
pervades  the  whole  system,  and  preserves  it.    In  the  effects  produced  by  man, 
we  see  the  operation  of  the  cause ;  but  <*  the  ways  of  the  Allmighty  are  past 
finding  out.'* 

The  sun,  that  great  and  only  fountain  of  light  and  heat,  is  placed  in  the  cen. 
ter  oC  the  system ;.  and  whilst  by  ita  influence  it  retains  the  planets  in  their 


Of  bits,  it  pours  forth  its  i^ys  and  giVeS' life  ta  tfie  cttetRW.  ^  ^ 

such  a  glorious  body,  and  its  arrangement,  are  circumstaaoes  mrfaich  afford  the 

clearest  evidence  of  design. 

Hence,  in  whatever  point  of  view  we  t^ke  a  survey  of  our  system^  we  traee^ 
the  power,  .wisdom,  and  goodness  of  the  Crbatorw     His  power,  in  its  jRxrma- 
tion ;  his  wisdom,  in  the  simplicity  of  the  means  ta*  produce  die  ends ;  and  his  • 
goodness  in  making  those  ends  subservient  to  our  use  and  enjoyment*     Thitf 
we  are  led  by  our  enquiries  into  the  structure  of  the  universe,  to  the  proofs  of 
the  existence  and  attributes  of  a  supreme  Being,  who  formed  and  directs  the 
whole.     Arguments  of  this  kind  produce  conviction  which  no  sophistry  can 
confound.     "  Every  man  may  se^  it ;  man  may  behold  it  afar  off.**     Let  not 
therefore  the  ignorant  declaim  against  those  pursuits  which  direct  us  to  a  know- 
ledge of  our  Creator,  and  furnish  us  with  unanswerable  arguments  against  the 
Infidel  and  the  Atheist. 

But  if  we  carry  our  views  up  to  the  firmament  of  the  fixed  stars,  the  power 
of  the  Deity  will  be  still  more  astonishing.     Let  a  man  contemplate  the  starry 
heavens,    and    consider    those  glorious  bodies  only  in  respect  to   number^ 
magnitude  and  distance,  and  it  can  scarcely  fail  to  convince  him  of  the  ex- 
istence of  an  omnipotent  Being.     By  the  late  improvements  of  telescopes,  the 
starry  system  appears  to  be  without  bounds;  and  the  greater  pairt  of  these 
bodies  not  being  visible  to  the  naked  eye,  we  may  conclude  that  they  were 
not  made  for  our  use,  nor  for  the  use  of  any  part  of  our  system.     They  are 
undoubtedly  bodies  similar  to  our  sun,  appearing  so  small  from  their  immense' 
distances;   for  opaque  bodies  at  that  distance  could  not  be  seen  by  reflected 
light.     From  the  uniformity  of  nature,  in  all  those  parts  which  we  have  been 
able  to  examine  and  investigate,  we  may  conclude,  that  bodies  similar  to  our ' 
sun  were  created  for  the  same  cause,  that  of  giving  light  and  heat  to  the  inha- 
bitants  of  systems  of  planets  surrounding  them.     We  may  therefore  conceive 
the  whole  universfB  tp  be  filled  with  created  beings,  enjoying  the  bounty  of  their 
Creator,  and  admiring  his  works.      This  benevolence  of  the  Deitt  in  giving; 
life  to  an  almost  infinite  number  of  beings,  must  raise  our  admiration,  till  we 
are  lost  in  contemplating  his  goodness.      That  every  individual  should  exist 
under  his  iprptectiou,  and  be  regularly  supplied  by  his  bountiful  hand  with " 
every  thing  which  is  necessary  for  enjoyment,  ought  to  make  us  very  humble 
before  him.     And  that  every  being  in  the  universe  should  be  under  his  caire, 
and  training  up  here  for  the  further  enjoyment  of  him  hereafter,  is  a  thdught 
whiph,  if  duly  impressed,  would  penetrate  us  with  the  deepest  sense  of  grati- 
tude to  our  Creator,  and  excite  us  to  love  and  obedience.'    The  disappear- 
ance of  some  stars  may  be  the  destruction  of  that  system  at  the  time  appointed 
by  the  Peity  for  the  probation  of  its  inhabitants ;  an^^  the  appearancie  of  new 
st^ars  may  be  the  formation  of  new  systems,  for  new  races  of  beings  then 
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caUed  into  existence  to  adore  the  works  of  their  Creator.  Thus  we  may  con* 
ceive  the  Dbitt  to  have  been  employed  from  all  eternity,  and  thus  continue  to 
be  employed  for  endless  ages ;  forming  new  systems  of  beings  to  adore  him } 
and  transplanting  those  beings  already  formed  into  happier  regions,  where  they 
may  have  made  better  opportunities  of  meditating  on  his  works ;  and  still 
rising  in  their  enjoyments,  go  on  to  contemplate  system  after  system  through. 
the  boundless  universe. 
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TABLE   VI. 


The  mjean  Right  Ascensions  and  Nortli-polar  Distances  of  Thirty-six  principal  Fixed  Stars,  to  tl 
Beginning  of  tlie  Year  1802 ;  with  their  Annual  Precessions,  Annual  Proper  Motions, 

and  Annual  Variations,  from  the  latest  Observations. 


NAMES. OF  STARS. 


Rji^\t  Asceoiion  iyo 
$gDf^  Dc^s,  ace. 


1 


a  Aneti$...». 

aCed ,. 

Aldebaraif 
Capella. 


+ 


Rigel. 
fi  Tauri.. 
%  Orion-. 

Siriut . 

Castor 


.1. 


».-•  • 


.1. 


Vrocjoa 
Pollux .. 

«  HydfB.. 
Regains. 

fi  Leonis.. 

/9  Virginis. 


Spica  Virginia 
Arctonis  • 

a  Cor.  Bon 


a  Libras 


{ 


a  Serpentis. 
Antares .. 
a  Herculis.. 
ft  Ophiuchi 
ft  Lyrx 


ft  >Aquil« 

2 1 «  Capricomi 


1 

{ 


«Cygni.. 

ft  Aquani 

Foroalhaut... 

ft  Pegari 

ft  Andromedae. 


8. 


+ 


D.    M.   S. 


0  !  0  45  46,a 

0  iZ9  :  0  i4,l. 

1  jl2  59   !6,3 


2  16     8 
2  15  91 


$4,5 

14,4 


2  16  15  24,1 
2  ]8  ^  45,8 

2  |26    6  i8,9 

3  9    6  81,8 
3  EO  29    7,7 


3  62  13  54,0 

3  23  17  40,2 

4  19  27  49,5 

4  ^  27  12,0 

5  24  44  13,1 
5  85    5  41,6 


6 
7 

7 
7 
7 


18  41 
1 


9 

9 

21 


40,5 
39  28,8 
56  22,2 
59  12,0 
34  36,8. 


7  23  ^^7  50,8 

8  4  19  21,5 
8  16  24  21,1 

8  21  26  12,1 

9  7  S3  29,5 


9  24  12  38,0 

9  25  16  46,9 

9  26  23  46,1 

10     1  39  55,3 

10     1  45  52,2 


10    8  40  13,7 

10  28  54    6,4 

11  11  40  rj,i 

11   13  43  33,5 
11  29  32  39,1 


Annual 
Preces- 
sion. 


t— 

r 


4$,J13 
50,08 

46,84 
51,34 
66,01 


43,17 
56,70 
48,65 
40,21 
57,95 


47,93 
56,05 
44,28 
48,41 
46,58 
46,14 


47,22 
42,18 
49,.74 
49,56 
37,92 


44,05 
54,87 
40,97 
41,58 
30,20 


42,80 
48,40 
44,21 
50/)4 
50,04 


30,63 
46,29 
49,80 
44,64 
45,97 


Ann.  pro- 
per Jrao- 
tion. 


s. 


--(W)9 
+0,10 
--0,i2 
+0,03 
+0,21 


—0.03 

+aoi 

+  0,01 
—0,42 
—0^15 


—0,80 
—0,74 
—0,09 
—0,22 
—0,57 
+0,74 


Annual 
Vdriatiott. 


-^0,02 
—1,26 
—0,11 
—0,11 
+  0,26 


+0,11 

0,00 

0,00 

+  0,06 

+0,23 


—0,11 
+  0,4« 
—0,03 
0,00 
+  0,05 


—0,08 
—0,08 
+  0,35 
—0,06 
+  0/)8 


^mm 


46,04 
50,20 
46,73 
51,39 
66,23 


43,14 
56,71 
48,65 
39,80 
5730 


47,13 
55,32 
44,19 
48,18 
46,01 
46,88 


47,21 
40,92 
49,44 
49,45 
38,18 


Right  Ascension 
in  Time. 


44^18 
54,87 
40,97 
41,64< 
30,40 


42,69 
43,88 
44,16 
50,04 
50,09 


30,57 
46,21 
50,15 
44,60 
46,05 


S.  H.  M. 


0  S  3,12 

1  56    2,27 

2  51  56,42 

4  24  34,30 

5  2  4,96 


5  5  1,61 

5  13  47,05 

5  44  27,26 

6  36  25,45 

7  21  56,51 


7  28  55,60 
7  33  10,68 
9  17  51,30 
9  57  48,80 
11  38  56,87 
11  40  22,77 


13  14  46,70 

14  6  37,92 

14  39  45,48 
*  14  39  56,80 

15  26  18,45 


15  34  31,39 

16  17  17,43 

17  5  37,41 

17  25  44,81 

18  30  13,97 


19  36  50,53 
19  41  7,13 

19  45  35,07 

20  6  39,69 
20  7  3,48 


20  34  40,91 

21  55   36,43 

22  46  40,81 

22  54  54,23 

23  58   10,61 


Annual 
Preces- 
sion. 


4075 
3»S39 
3,123 
3,423 
4,401 


2,878 
3,780 
3,243 
S,681 

%»e3 

-J 


9!,19i5 
9,737 
%9S2 

*227 
21,105 
3,076 


3,148 
2,81  i 
3,303 
3,S04 
2,528 


Ann.  prO' 

per  Mo- 

tbn. 


8. 


—0,006 
+0,007 
—0,008 
+0,002 
+0,014 


—0,002 
+0,001 
+0.001 
—0028 

— ogoio 


—0,053 
— D^049 

— aoo6 

— -0,0J5 
—0,038 
+0,019 


Anmdi 


» 


( 


3fieti 

5,1150 

4i*l*^ 


v 


2jmy 

9,781  - 

%M8''^ 
d»888^0 


•] 


«;I4«^ 


] 


q 


2,9Ml^ 
8»iW^, 

8,11^' ft 


2,937 
3,658 
2,731 
2,772 
2,013 


— 0,00L: 

—0,084 
-0,007 
-0,007 
+0,017 


2,853 
2,893 
2,947 
3,536 
3,336 


2,042 
3,086 
3,320 
2,976 
3,065 


+0,0:)7 

0,000 

0,000 

+0,004 

+  0,015 


—0,007 
+0,032 
-0,002 
0,000 
+0,003 


. 


-0,005 
—0,005 
4  0,023 
—0,004 
+0,005 


*7f8A 
.3,296 
3,297 


I 


8,608' 
«;781^ 
2,778 
2,027 


1 


2346  ( 
%988 
2,94* 
S3S6 
3,389  11 


2,038 
3,081 
^,848 
2,978 
3J(m 
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■'"-        TABLE  VI.  CONTINUED.                . 

lES  OF  STARS. 

Distance  fraTii  tbc 
NoicbPoIe. 

lVc«. 
sion. 

Annoal  pro 
p.^  Motion. 

Aiwiusl 
Variaiftn 

Nnmber 

of 
Obwr- 

*ir 

Number  for 
Ailiiual  Argu- 
m«rt»of  Abe.. 
rationinN.P.D. 

S.   D.     H. 

Max. 
ofAber. 

N.P.D 

J. 

«. 

s. 

til................ 

75  5+  55,9 
67  28  *5,2 
m  *l  36,6 
73  5*    0,6 
*4  IS  12,1 

— *0,05 
-17,54 
—14,67 

—  8,11 

—  5fll 

-0,15N 
+  0,07S 
—  0/)i(N 
+  0,12S 
+  OMS 

—20,20 

-J  7.47 
-14,75 
—  8,00 
-4,57 

7 
7 
6 
8 
9 

2 

2,3 

2 

7     2  25 
7  29  30 

6  6  39 

7  6  47 
n     S  37 

9,1 

7^3 
3.7 
8,0 

96  26  !9,0 
61  3t  23.1 
82  38  27.8 
106  27     4,7 
57  41  28,0 

—  4,76 
-4.02 

—  1,36 
+    3,17 
+    7,02 

— 0,16N 
+  0,IOS 
-0,13N 
+  l,04S 
+  0,04S 

-  4,92 
--  3,91 

-  1,49 
-!-  4,21 
+  7.06 

7 
9 
11 

14 
10 

2 

5  26  12 
10    0  25 

6  1  47 
6    4     2 
1  26  43 

10,5 
2,5 
5,6 

12,8 
4,5 

^" 

TOB 

84  16  34,4 
61  SO  25,7 
97  48  19,3 
77     4    9,5 
74  19  14,6 
87     7    6,7 

+    7,59 
+    7,93 
+  15,21 
+  17,27 
+  19.97 
+  19,98 

+  0,05S 

0,00 
-0,I4N 
—  0,OdN 
+  0,07S 
+  Oi24S 

+  8,58 
+  7,93 
+  15,10 
+  17,19 
+20,04 
+  20,22 

9 
8 
9 
13 

8 
5 

1,2 
2 
2 
1 

1. 2 
3 

5  23     5 
2  14  38 

6  12  15 
4  25  49 

4  'iS  16 

5  22  45 

6,3 
S,9 
9,7 
6,9 
9,0 
7,9 

Ira »..., 

sit 

in».„,.. ...., 

aVirginw 

100    7  1*,6 
69  46  45,4 
105     9  41,9 
105  12  26,0 
62  36  S6,5 

+  18,99 
+  17,07 
+  1.5,37 
+  15,96 
+  12,46 

—  0,19N 
+  1,72S 
-0,18N 
— 0,15N 
+  0.03S 

+  18,80 

+  18,79 
+  15,19 

+  i6,yi 

+  12,4S 

6 
18 
5 
6 
6 

1 
1 
6 
2 
2,3 

6  26    4 
5     1  25 

7  11    11 
7  11   11 
5     7  19 

7.6 
12.3 
6,1 
6,1 
14,8 

.ibnc.... .....S 

entii 

82  56  24,6 
J 15  £8  3{,2 
75  22  15,6 
77  17     0,0 
51  28  S5,S 

+  11,89 
+    8,69 
+    4.71 
+    2,99 
--2.64 

—  0,19N 

—  0.26N 

—  0,23N 
+  0.05S 

—  0,27N 

+  11,70 
+  8.43 
+  4,48 
+  3,03 
-  2,91 

8 
6 
10 
7 
9 

2 

1 
2 
2 

1 

5  21  28 
9     1  14 
5  24  27 

5  26  4^ 

6  5  20 

9.8 
3,8 
12,3 
11,8 
17.8 

nJi> 

- { 

79  51  26,8 
81  S8  33,8 
84    4  33,0 
103     6  22,9 
103     8  41,6 

—  8.22 

—  8,56 

—  8,91 
_10,59 
—10,56 

-ai6N 

—  0.54N 
+  0,35S 

-0,28N 

—  0,26N 

—  8,38 

-  9,11 
-8,57 
—10,80 
—10,81 

6 
8 
6 

7 

7 

.,1 

3.4 
3 
3 

6     7  37 
6    6  £2 
6     5  27 
5    0  22 
5    0  22 

10,9 
10,4 
9,7 
4.6 
4,6 

t 

45  25  16,4 
91   16  25,1 
120  39  52,7 
75  51  18,2 
62    0    5,8 

-12,53 
-17,17 
—19,04 
—19,25 
—0^05 

—  ftOSN 
~0.i9N 
-0,06N 

—  0,I8N 
+  0,068 

—12,56 
—17,36 
—19,10 
-19,43 
-19,99 

11 
6 
7 
S 
6 

1,2 
3 

1,2 
2 
2 

6  29  10 

5  27  11 
3  21  58 

6  37  35 

7  22  54 

18,0 
7,8 
10,4 
10,1 
11,8 

larii 

mmeiliB 
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TABLE  VII.  CONTINUED, 


Day  of  the 
Month. 


January  0 


Arctunis. 


/t 


—0,49 
id— 0,19 
20+0,14 


30 


February        9 
19 


March 


1 
11 
21 
31 


April 


10 
20 
30 


May 


10 
20 
80 


0,45 


0,76 
1,05 


1,30 
1,5S 
1,72 
1,88 


2,01 
2,10 
2,16 


2,19 
2,20 
2,17 


June 


9 
19 
29 


July 


9 

19 
29 


August 


8 
18 
28 


September  7 
17 
27 


2,13 
2,06 
1,97 


1,86 
1,74 
1,60 


1,46 
1,31 
1,17 


October 


7 
17 
27 


1.65 
0,94 
0,86 


I 


Noyember 


€ 
16 
2( 


December 


6 
16 
26 
31 


0,81 
0,81 
0^85 


0,94 
1,08 
1,28 


1,50 

1,77 

2,06 

+2,22 


1  and  2  s 
Libre. 


t0 


so 
S3 
31 

-31 
»9 

a3 

i6 

-13 

9 
6 

_  3 

I 

3 

«  4 

1 

9 

_  « 

zi 

14 

-14 
15 

14 
-_ia 


—0,68 

0,35 

h-0,03 

+0,31 


ZI 

8 

•  5 
c 

4 

■  9 
14 

20 

•22 
27 
29 

i6 


0,63 
0,94 


1,22 
1,48 
1,71 
1,91 


2,08 
2,22 
2,33 


2,41 
2,47 
2,49 


2,49 
2,46 
2,41 


2,33 
2,23 
2,12 


2,00 
1,86 
1,73 


1,61 
1,50 
1,41 


1,35 
1,32 
1,34 


1,42 
1,55 
1,72 


1,93 

2,18 

2,1.7 

+2,62 


33 
31 
34 
•3» 


m  Cor.  Bor. 


0* 


— 0^ 
0,68 
0,37 

—0,05 


31 

.28 

26 

»3 

20| 

-17 
14 
II 

.  8 

6 

2 
.  O 

3 
5 

.  8 


+0,28 
0,59 


ic] 

ZI 

.12 

14 

13 

12 
II 

9 
6 


3 

2 

.  8 

13 
17 

21 
29 

15 


0,89 
1,18 
1,43 
1,66 


1,87 
2,04 
2,18 


2.29 
2,37 
2,41 


2,42 
2,39 
2,33 


2,25 
2,13 
1,98 


1,83 
1.65 
1,46 


1,28 
1,10 
0,94 


0,81 
0,71 
0,66 


0,66 
0,72 
0,83 


0,9S 

1,18 

1,42 

+  1,56 


31 
3 


a  Serpentis. 


/# 


3» 
33 

31 

•30 
29 

45 
»3 

'21 
17 
14 

.11 


—0,92        %g 

,|--0,63 
'  —0,33      ^ 
—0,03 


+0,28 
0,58 


8 

4 

I 

3 
6 

8 

2 
5 

5 
8 
9 

8 
8 
6 

3 
o 

5 
o 

6 
II 

15 

20 

U 
14 


0,87 
1,14 
1,40 
1,62 


1,83 
2,00 
2,16 


2,28 
2,37 
2,44 


2,47 
2,48 
2,45 


2,40 
2,s2 
2,21 


2.09 
1,95 
1,80 


1,65 
1,50 
1,37 


1,26 
1,19 
1,15 


1,15 
1,21 
1,33 


1,*7 

1,67 

1,90 

+  2,03 


I 


Antares. 


// 


30 
31 

30 
.»9 

*7 
26 
22 

-21 

17 
16 

.12 


—1,19 
0,89 
0,58 

—0,25 

+0,09 
0,43 


9 
7 

.  3 

z 
3 

•  5 

8 
II 

'12 
14 

-15 

15 

13 

-II 


7 

4 

.  o 

6 
12 

■14 
20 

43 

13 


0,77 
1,10 
1,41 
1,71 


2,08 
2,33 
2,55 


2,74 
2,90 
3,02 


3,11 
3,16 
3,19 


3,16 
3,11 
3,02 


2,90 
2,76 
2,61 


2,44 
2,28 
2,12 


1,99 
1,88 
1,81 


1,79 
1,82 
1,90 


2,03 

2,22 

2,44 

+2,57 


301 
31 
33 

•34 

34 

-34 

33 
31 
30 

■47 

45 
22 

•19 

z6 

12 


Ob  Herculis. 


// 


-1,24 
1,02 
0,78 
0,52 


22 

*4 

26 

28 

—^'24      ^^ 
+0,05      *^ 

29 

0,34  301 
0,64  ^g 
ft92  ^"^ 
1,19  *7 
16 


9 
5 
3 

3 

5 
9 
2 

4 

5 

7 
6 

6 

3 
I 

7 
•  2 

3 
8 

13 

^9 

21 
13 


1,45 
1,70 
1,92 


1,12 
1,29 
2,43 


2,54 
2,62 
2,66 


1.11 
1,08 

1,09 


1,14 

1,25 

1,40 

+  1,49 


a  Ophiuchi. 


»5 

22 

.20 

17 
<41 

•II 

8 

4 
.  o 

3 
8 


14 


2,66 
2,63 

2,55 

10 

2,45 
2,31 
2,16      '^ 

17 

1.99      x8 

1,81 

1,63 


18 
17 
15 


1,46 
1,31 

1,19      " 

8 


3 
I 

5 

II 

15 
9 


20 


—1,27 
1,07 
0,85  ** 
0,61*4 

•18 


0,33^ 
—0,05 


29 

+  0,24    ^g 

0,82*^ 
1,10  »« 

ih 27 


1,62  ^ 
1,83" 

24 


2,26    ^ 


2,42 


2,55 
2,65 
2,71 


z6 

13 

10 

6 

•  2 


Lyrae. 


// 


-1,67  „ 
li56 


1,40 
1,20 


0,95 
0,68 


16 

20 

*7 


038 


3» 


-0,06 
+0,27  f^ 
0,60^^ 

33 


0,93  3j 

^>^So 
1,55  ^ 

49 


1,84 


aj 


2,31  ** 
18 


2,49 
2j63 
2,73 


2.73   , 
2,71 
2,66  -5 

10 


2,56 

2,44" 

2,2915 

16 


2,13  ,8 

1,9.5 

1,77 


18 


1,60 


16 


1,44 
1,82  " 
10 


«4| 

9 
5 

I 
6 

. *o 

2,60,. 
2,46 


2,77 
2.76 
2.70 


2,28 


18 


'%% 


2,06 
1,83 
1,58 


^3 


1,22 
1.17 
1,17 


1,2< 

1,42 
+  1,51    « 


s 

o 

3 
8 

14 


15 

1,33  3 . 

1,09 
0,86*^ 
J »9 


ft67x7 
0,50 

0,38 


.  0  30 
028 
0,29 

+0,31 


12 

8 

2 
1 

2 


i 

C 


ta^H 
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TABLE  VII.  CONTINUED, 


Day  of  the 
Month. 


January 


a,  Aquilz. 


It 


II 


.  I 


—1,26  6 

1,20 

1,09 
0,9514 

^ 17 


Februaxy 


\: 


Mtfdi 


1 

11 
21 
SI 


I  April 


l«»y 


0,78 
0,58 


10 


/SAquilac. 


-%% 


h 


Jvne 


My 


August 


II 


8 
18 
28 


' 


^•^^ 


October 


September  7 
17 
S7 


7 
17 
27 


NoTcmber      6 
,      16 


. 


December  6 
16 
26 


VOL.  II. 


0,37 
—0,12*^ 
40,14** 

0,41  *7 

'28 


0,69 
0,98*9 

1,27*9 
19 


2,10** 


%5S 

2,74 


18 


14 


2,88  „ 
2,99" 
3,05  * 

2 


3,07 
3,04 
2,98 


2,88 
2,75 
2,60'^ 


3 
6 

-10 


17 

2,27 
2,10*7 


/# 


-1425   6 
U9„ 
1,08 
0,95*3 


1  and  1  a 
Capricor. 


17 

0,78 
0^*9 

21 


0,37 


24 


-0,13 

+0,12  *^ 

0,39  *7 


14 


.1^96  „ 
r,83  I 
1,74  ^ 
8 


^  1,66  X 

1,63  , 
1,64 

+  1,66  * 


49 

0,68  ^8 

1,25*9 
«9 


1,54 


a8 


1^2 
2,09*7 

•«4 


IS 


2,33 
2,55   ^ 
2,73  »^ 

X5 


2,88  „ 

2,99 

3,06 


3,08 
8,06 
3,00 


7 

6 
9 
13 


2,91 
2,78 

16 


2.47  ,5 

2,15 
15 


2,00 
1,87 
1,78 


1,70 

1,67 

1,68 

+     1,69 


»3 
9 

8 

3 
I 
I 


// 


5 
9 


—1,23 
1,18 
1,09 

0,96*3 

16 


0,80 ,, 

0,61 
fti 


0,40,^ 
—0,16, 

0,37** 
•19 

3* 


0,66 
0,97   ^ 
1,273^ 


29 


1,59 
1,88 
2,17^ 

'»7 


2,91*** 
«7l 


S'08 

3,22*^ 

3,32*°* 


3,37 
3»38 


5 

I 

4 

7 


xo 


3,27 

3,17 
3,04 '3 

If 


2,89 

2,58*^ 
14 

2,44 


2,31 
2,22 


2,13 

2,10 

2,09 

+  2,10 


13 
9 

9 

3 

1 


Cygni. 


// 


tm-m^m 


a,  Aquarii. 


Fomalhaut. 


// 


—1,59 
1,64 
1,63 
1,59 


1,48 
1,33 


5 

I 
4 

If 

15 


19 

1,14^4 


0,90 


a8 


0,62 
0,31  3* 

34 


+  0,0335 

0,38 

0,75  ^' 
36 


UI36 
1,80^^ 


2,39 
2,63** 
19 


2,82 
2,96  *2 
3,04  * 
3 


3,07 
3/H 
2,96 


3 

8 

13 

2,83 
2,66  J 
2,45  ** 

»4 


2,21 

1,71  *^ 
a6 


1,45 


14 


1,21 
0,99  ** 


0,62  ** 

0,50" 

+0,45   ^ 

«  q 


—0,82 
0,87 
0,88 
0,87 


0,84 
0,75 


9 

lOj 


0,65 


13 


0,52 

0.35  *7 

-0,16  *9 


+0,07  ^_ 
0,32*^ 
0,59  *7 


// 


30 


0,88 
1,18   ^ 
1,48  3« 

■31 

1^ 


1,79 

2,08^ 

2,36** 

•»5 


2,61 

^®^,8 
3,01  '* 

15 


SU 


r 


3.16 
9,26 
3,32 


3,34 
3,32 
3,27 


ze 

•■ 

6 

i 

% 
5\ 


3,18 

3,09 
2,96*3 

13 


2,83 
2,70  ^ 
2,58  ** 

17 

2,46    „ 


2,87 

2,29 

+  2,28 


»,67 
0,77 
0,85 
0,89 


10 
8. 

4 

t 


FegasL 


0,91 
0,89 


0,84x0 

0,74  ,, 

0,60 

0,43  *7 
2% 


—0,21  %4 

+  0,03^ 
0,32*9 

31 


34 


0,683^ 

0,96 

1,30 

35 

1,65  34 
1,99,^ 
2,33^ 

3* 

2,65  si 


2,98 
3,18 


20 
.«i 


3,99x7 

3,56  u 
3,68 


3,76 
3,79 
3,77 


5 

SI 


3,72 
8,64 
3,53  ** 
zs 


3,41 
3,27'* 
3,13  '4 

15 


// 


—0,55 
0,64 
0,71 
0^76 


0,78 
0,77 


7 
5 

9 

X 

3 

0,74   8 
0,66  „ 
0,55 
0,41  ^ 
18 


0,23  „ 
--0,02 
+0,23  *^ 

-38 


Apdrom. 


0,51 


19 


0,80 
1,10^ 

31 

1,41  3i 
1,73 
2,03* 
^9 


2,80 
ad 


3,00  16 
3,16  „ 
3,27 


3,35 
3,38 
3,37 


8t 

3 
Ml 


3,33 

3,17  '^ 
roi 


2,98, 
2,86 
2  73 
+  2!68   S      +2^42  ^ 


3,07  xa 
2,95  ^^ 

2,83  "^ 

13 

2,70  „ 

2,58 

2,47 


IX 


// 


-0,21  ^ 
0^ 
0,47" 
0,58** 

8 


0,66 
0,72 


0,76 
0,76 
0,71 
0,62 


4 
o 

5 

9 

13 


0,49 
0,32  ^ 
--0,11  ** 

S9 


+0,14 
0^43 


0,73  30 


1,06 


■^$3 


34 


1,40 

1,73  ^^ 

■34 


?,07 
%38  II 
2.66  ** 

27 

2,98  j» 

3,15 
3,34^9 

15 


*«io 
3,59 

3,65 


3,67 
3,66 
3,61 


2 

X 

5 
8 

9 


3,53 
3,44 
3,33  " 

X3 

3,07  ;i 

+  2,86  ^ 
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TABLE  VIII. 

Corrections  of  the  Right  Ascensions  in  Time  of  Tliirty-six  principal  Fixed  Stars  to  every  Tenth  Di 
gree  of  Longitude  of  the  Moon's  ascending  Node,  to  serve  from  1800  to  160O. 


Arg.  Long,  of 

D'8  a- 


T 


S.  D.   S. 


y  Pegasi. 


a  Arietis. 


a,  Ceti* 


0.    0.     6. 
10 
20 

1.    0.    7 
10 
20 


—0,164-  10 

0,35 

O^S 
« — 16 


x8 


2.     0.     8 
10 
20 


S.  .0.    9 
10 
20 


0,69 
0,83 
0,94. 


1,08 
1,08 
IJO 


14 

XX 

-  9 

5 


— Qj23+^ 

0,43 

0,62    ^^ 
x8 


// 


— ao3+  ,^ 

0,22       ^ 
0,41 


0,80 
0,94 
1,06 


1,15 
1,20 
1,21 


4.  a  10 

10     . 
20 


5.    0.  U 
10 
20 

6.   a   0 


1,10 
1,05 
0,98 


5 

7 

•XX 


0,87 

0,73       '^ 
0,58       25 

X7 

0.41        X9 

0,22         ^ 

—0,03  -f  '9 

+0,16  —  «9 


1,19 
1,13 
1,04 


0,91 
0,76 
0,59 


14 
1% 

•  9 
5 

X 
-  2 

6 

9 

-«3 

15 

X7 

.x8 


0,58 
0,73 
0,87 


Aldebaran. 


n 


0,98 
1,05 
1,10 


1,11 
1,09 
1,04 


Arg.  Long,  of 

j'«  a. 


S.     D.     S. 


0.  0. 
10 
20 


Arcturus. 


a 


+0,20  — 
+0,02  — 
—0,16  + 


1.     0. 
10 
20 


2.    0.     8 
10 
20 


0,33 
0,49 
0,64 


3.    0.     9 
10 
20 


4.    0.  10 
10 
20 


5.  0.  11 
10 

20 

6.  0.     0 


: 


0,77 
0,87 
0,95 


1,00 
1,02 
1,01 


x8 
i8 
•17 
i6 

15 

•13 

xo 

8 

-  5 

a 

X 

-  5 


0,41 
—0,19  + 
+0,03— 
+0,23— »o 


%% 


0,95 
0,83 
0,69 


'9 
17 
15 

14 
XI 

7 
5 

X 

% 
5 

9 
xa 

14 
x8 


-0,07+  ^, 
0,28 

0,49     ** 
x8 


0,67 
0,84 
0,98 


1,09 
1,17 
1,21 


17 
14 

JX 

8 

4 


Capelia. 


/« 


-0,16+  jj. 
0,43 
0,68     »5 

-24 


ai 


0,92 
1,13 
1,30     17 

•X4 


1,44 
1,53 
1,57 


0,53 

0,35 
-0,16+  ^9 
+0,03-  '9 


I 


1,22 
1,18 
1,12 


1,02 
0,88 
0,72 


4 
.XO 

14 
x6 


1,57 
1,51 
1,42 


x8 
»9 


0,54 

0,35 
-0,14+  " 
+0,07— »i 


1,28 
1,09 
0,88 


9 

4 
•  o 

6 

9 

-14 

19 
ai 


Rigel 


+0,02- 

-0,15+ 

0,33 


0,49 
0,64 
0,77 


0,88 
0,96 
1,00 


1,03 
1,01 
0,97 


0,65 

0,39 

-0,11  + 
+0,16— *7 


*3 
a6 

a8 


1  and  2  a 
Librae. 


// 


—0,13 
0,33 
0,53 


+ 


a96 

0,89 
a79 


0,67 

0»53 

0,37 

—0^20+ 


7 
xo 

-la 

14 
x6 

17 


0,70 
0,86 
0,98 


1,09 
1,15 
1,18 


1,18 
1,13 
1,06 


0,95 
0,81 
0,65 


0,47 
0,28 
1—0,05 
+0,13 


+ 


20 

ao 
17 
16 

12 
II 

6 

3 

o 

5 

7 

.11 

14 
16 

.x8 

19 

43 

8 


a  Cor.  Bor. 


// 


+0,20  — 
+0,05  — 
—0,12  + 


0,28 
0,42 
0,56 


0,68 
0,77 
0,85 


0,90 
0,92 
0,92 


15 
17 
-16 

14 
14 
-I  a 

9 
8 

-  5 

2 
o 


i 


0,90 
0,80 
0,67 


0,53 
0,37 
0,21 
-0,02+  19 


7 
8 

6 

5 
3 
I 
8 
4 
3 
a 
4 
7 
xo 

13 
X4 

x6 
x6 


ff  Tauri. 


// 


0,07+ 

0,30 

0,52 


43 

aaH 

ax 


I 


0,73 
0,94 
1,07 


1,20 
1,29 
1,33 


1,35 
1,31 
1,24 


1,13 
0,98 
0,81 


a6i 

0,40 
0,16+ 
+0,07— 


ax 
X3 
X3 

9 

4 

•  a 

4 

7 
Jii 

IS 

17 

-ao 
ax 
a4 
43 


'  a  OrioD. 


J 


-0,01  + 
0,20     ^ 
0,40     ^ 

x8 

0,58 

0,74      " 

0,88      »4 

1  a 


1,00 
1,09 
1,13 


1,15 
1,13 
1,08 


9 

4 

a 

a 

s 

8 
la 


Sinof. 


—0,05+ 
0,19 
0^  ' 


0^ 
0,64 
0,75 


034 
091 
Ofil 


1,00 
0,88 
074      *^ 

-17 


x8 


0,57 
0,39 
1—0,19+*^ 
+0,01—  ao 


0,96 
0,89 


031 
0,71    ' 
0,59    1 


ti 


045 
0,90 


a  Serpentis. 


// 


+0,05— ,8 
1-0,13  + 
0,31      " 

-17 


0,88 
0,82 
0,73 


0,63 
0,50 
0,35 
0,20+ 


-  4 
6 

9 

.xo 

13 
15 
15 


15 


0,48 
0,63 
0,77      '^ 

XI 


0,88 
0,97 
1,02 


1,05 
1,04 
1,00 


0,93 
0,83 
0,71 


9 

5 

.  3 

I 

4 

-  7 
10 
12 


Antares. 


a  Herculis. 


a  Ophiuchi. 


// 


—0,13  +„ 
0,35 
0,57      " 

20 


0,77 
0,94 
1,08 


1,19 
1,27 
1,30 


1,30 
1,26 
1,18 


0,56 
0,40 
0,22 
,05+  '7 


15 
16 
18 


1,06 
0,91 
0,73 


0,54 
0,32 
0,09 
+0,13—** 


17 
14 
-II 

8 

3 
.  o 

4 
8 

.12 

15 
18 

-19 

22 
43 


#/ 


+0,04^ 


-0,13  + 
0,30 


0,45 
0,59 
0,72 


17 


h0,02— 
—0,15+ 
-^,32     »7 

16 


0,82 
0,90 
0,95 


0,97 
0,96 
0,93 


0,86 
0,77 
0,65 


0,52 

0,37 

0,17 

—0,04  + 


8 

5 
2 

I 
3 
7 

9 
12 

13 

15 
ao 

ax 


// 


Lyr9c« 


0,48 
0,62 
0,74 


0,85 
0,92 
0,97 


0,99 
0,97 
0,94 


0,87 
0,77 
0,65 


X4 

X2 

.XX 

7 
5 
"  2 
a 
3 

-  7 
xo 
xa 

-X4 
15 


-0,07  +,^ 
019  +  * 
031      " 

fX 


0,42 
0,51 
0,59 


066 
0,70 
072 


072 
0,69 
0,65 


051 
0,36 
0,19     »7 
1,02 +»7 


0,59 
0,50 
041 


0,30 

018 
-005  + 
+007  — 


9 
8 

7 

4 

a 
o 

3 

4 
6 

9 

9 

XI 

la 
13 


A^ni* 


MW5  +  , 
039    ^ 


055 
069 
O8O 


1% 


O90 
097 
Ifil 

1,08 
0,99 
094 

0,86 
0,74 
061 

0^46 

I— <WS4 
+0,05- 


i 
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TABLE  VIII.  CONTINUED. 


\jrg.  LoDg.of 

D'8  a- 


S.     D.    S. 


Castor. 


O.     0.    6 

10 
20 


+0,14— 
-0,09+  *^ 
0,34     *5 


1.     0.     7 
10 
20 


2.    a    8 
10 
20 


8.     0.     9 
10 
20 


4.     0.  10 
10 
20 


5.  0.  11 
10 

20 

6.  0.    0 


0.56 
0,77 
0,96 


1,12 
1,24 
1,32 


1,37 
1,37 
1,34 


1,26 
1,14 
0,99 


0,81 
0,60 
0,38 
—0,14  +*^ 


-aa 

ai 

«9 
i6 

xa 
8 

■  5 
o 

3 

-  8 
la 
15 
-i8 
ai 
aa 


Procyon, 


+0,02— 


19 


0,37     ^ 
18 


0,55 
0,71 
0,85 


0,97 
1,06 

1,11 


1,14 
1,12 
1,08 


z6 

14 
.xa 

9 

5 

-  3 

a 

4 
.  8 


Pollux. 


// 


+0,14^— 

—0,09+  *^ 
0,32     ^3 

aa 

0,55      ao 


—0,07  + 

0,25 

0,42 


0,75 
0,92 


la 


1,00 
0,88 
0,75      »3 
-x6 


18 


0,59 
0,41 

0,22     '9 
—0,02+  »o 


1,08 
1,20 
1,28 


X7 

-x6 

la 

8 


1,33 
1,33 
1,30 


1,22 

1,10 

—0,96 


0,78 
0,58 
0,36 
—0,14+  " 


5 

o 

3 

•  8 
xa 

X4 
z8 
ao 
aa 


Hydrae. 


Regulus. 


// 


0,58 
0,72 
0,84 


0,94 
1,01 
1,04 


1,05 
1,02 
0,96 


18 
17 
x6 

14 
xa 
-10 

7 

3 
.  X 

3 

6 

.  8 


+0,13  — 
—0,07  +*° 
0,27      ao 

-ao 


0  Leonis. 


0,88 
0,76 
0,62 


0,47 
0,30 

-0,11  + 
+0,07— 


xa 
X4 

17 

19 
x8 


0,47 
0,64 
0,79 


0,93 
1,04 
1,11 


17 
15 

-»4t 

IX 

7 
-  4 


1,15 
1,15 
1,12 


01 
3 


+  0,18- 
—0,01  +'9 
0,21      ^ 
19 


0,40 
0,57 
0,73 


0,87 
0,98 
1,05 


xo 


1,06 
0,96 
0,83      '3 

xj 

0,68     x7 
0,51      ^ 

—0,13+^^ 


1,10 
1,12 
1,10 


1,05 
0,96 
0,84 


»7 
16 

-14 
II 

7 

5 

a 
a 

•  5 

9 

xa 

13 


/3  Virginis. 


Spica  Virg. 


+0,03— 
-0,16  + 
0,35 


0,52 
0,68 
0,82 


0,71 
0,54 
0,36 
—0,18+  "* 


17 
x8 


0,93 
1,02 
1,07 


1,10 
1,08 
1,04 


0,96 
0,85 
0,73 


0,58 
0,40 
0,22 
-0,03+  '9 


9 
9 
7 
6 

4 

I 

9 

5 
3 


4 
8 

IX 

xa 

15 
x8 
x8 


0,65 
0,79 
0,91 


—0.10  +^ 
0,30  . 
0,48      ^'^ 

17 

14 
xa 

xo 

3 
o 

4 
6 


1,01 
1,07 
1,10 


1,10 
1,06 
1,00 


0,90 
0,77 
0,62 


■xo 

X3 
»5 

X7 
x8 


0,45 
0,27 

— ao8+  '9 

+o,n_  19 


Arg  Long,  of 

^'«  a. 


S.    D.    S. 


0.    0.    6 
10 
20 


1.    0.     7 
10 
20 


a  Aquilse. 


fi  Aquilae. 


1 


// 


ft 


0,04  + 

0,22 

0,39 


—0,03  + 

0,21 

0,39 


0,55 
0,69 
0,81 


17 

x6 

14 
xa 


2.  0.     8 
10 

20 

3.  0.     9 
10 

20 


4.    0.  10 
10 
20 


L 


5.    0.  11 
10 
20 

6.   a  0 


0,91 
0,98 
1,02 


1,03 
100 
0,95 


0,87 
0,76 
0,63 


0,48 

0,31 

1-0,14+ 

+0,04— 


-10 

7 

4 

■   1 

3 

5 
.  8 

XI 

13 

-15 

17 

17 
x8 


0,54 
0,69 
0,82 


0,92 
1,00 
1,04 


x8 
18 

15 

>5 

13 
10 

8 

4 


1  and  2  a, 
Capricorni. 


Cygni. 


+0,08-^ 

1-0,12+ 
0,33      *' 

ao 


— 0,39  +,. 
0,51 
0,62 


0,53 
0,70 
0,85 


17 
15 

15 


1,00 
1,09 
1,15 


1,05 
1,02 
0,97 


0.89 
0,78 
0,65 


0,50 

0,33 

h- 0,15+ 

+0,03— 


3 

5 
8 
II 

13 

15 

»7 
18 
18 


1,19 
1.18 
1,14 


1,07 
0,96 
0,82 
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TABLE  IX- 

The  Correction  qf  the  Obliquity  of 
the  Ecliptic  for  Days  of  the  Yettr. 


TABLE  X. 

The  Eqtiation  of  the  Obliquity  of  tlie 

Ecliptic. 

Argument.    Long,  of    ]>'8  ^. 


Days. 

// 

Days. 

// 

Jan.      10 
18 
25 
31 

-0,4 
-0,3 
-0,2 
-0,1 

July       16 

-0,6 
-0,5 

Aug.       1 

8 

16 

21 

81 

-0,4 
-0,3 
-0,2 
-0,1 
0,0 

Feb.        8 
14 
21 

0.0 
+  0,1 
4  0,2 

March    2 
21 

+0,3 
+  0,4 

Sept.     21 

+0,1 

Apiil      2 

.  13 

20 

26 

+  0,3 

+  0,2 

+0,1 

0,0 

Oct      11 
19 
25 
31 

0,0 
-0,1 
-0,2 
-0,3 

May       2 

7 

13 

19 

26 
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-0,2 

-03 
-0,4 
-0,5 

Nov.       6 
12 
17 
23 
30 

-0,4 
—0,5 
-0,6 
-0,7 
-0,8 

June       3* 
25 

-0,6 
-0,7 

Dec.       9 
26 

-0,9 
-1,0 

r-r 

0.  Sig. 

I.   Sig. 

I.  %• 

+ 

+- 

+ 

J; 

VI.  Sig. 

VII.  Sig. 

VIII.  Sig. 
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9,5 

8",3 

♦  ',8 

so* 
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8,2 

4,6 

29 
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8,1 

*,5 
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*,s 
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7,9 

4,2 
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7,7 

3,9 

24 
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7,6 
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3,6 
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21    : 
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14 
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9,0 

6,3 
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11 
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10 
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0,8 
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0,0 

0 

Cm 

V.  Sig. 

IV.  Sig. 

III.  Sig. 

o    • 

+ 

+ 

+ 

C     V 

o  •* 

XI.  Sig. 
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TABLE  XIII. 


Augmentation  of  the  Semi-Diameter  of  the  Moon. 


CLg 

HORIZONTAL  DIAMETER  OF  THE  MOON. 

i  N 

• 

Deg. 

90 
88 
86 

84 
82 
80 

79 

78 

77 

76 

75 
74 

73 
72. 

71 

70 
69 
68 

67 
66 
05 

64 
63 
62 

61 
60 
53 

58 
57 
56 

54 
53 

52 
51 

50 

29' 
30" 

29' 
50' 

30' 
10 

SO' 
30" 

30' 
50' 

31' 
10' 

31' 
30' 

31' 
50' 

32' 
10" 

32' 
30" 

32' 
50' 

S3' 
10" 

33' 

30" 

0 
2 
4 

// 

II 

ti 

It 

// 

II 

II 

H 

n 

ti 

II 

II 

II 

0,3 
1,2 
%2 

0,3 
1,3 

2,3 

0,3 
1,3 
2,3 

0,3 
1,3 
2,4 

0,3 

1,4 
2,4 

0,3 
1,4 
2,5 

0,3 
1,4 
2,5 

0,3 
U5 
2,6 

0,3 
1,5 
2,6 

0,4 

1,5 
2,7 

0,4 
1,6 
2,8 

0,4 
1,6 
2,8 

0,4 

1,^ 
2,9 

6 
8' 
10 

11 
12 
13 

14 
15 
16 

3,2 
4,1 
5,1 

3,3 
4,2 
5,2 

3,3 
4,3 
5,3 

3,4 
4,4 
5,5 

3,5 
4,5 
5,6 

3,6 
4,6 
5,7 

3,6 

4,7 
5,8 

3,7 

4,8 
6,0 

3,8 
4,9 
6,1 

3,9 
5,0 
6,2 

4,0 
5,2 
6,3 

4,0 
5,2 
6,5 

4,1 
5,4 
6,6 

5,6 
6,0 
6,5 

5,7 
6,2 
6,6 

5,8 
6,4 
6,8 

6,0 
6,5 
7,0 

6,1 
6,6 
7,1 

6,2 
6,8 
7,3 

6,4 
6,9 
7,5 

6,5 
7,1 
7,6 

6,7 
7,2 
7,8 

6,8 
7,4 
7,9 

6,9 
7,5 
8,1 

7,1 
7,7 
8,3 

7,2 
7,8 
8,4 

7,0 
7,4 
7,9 

7,1 
7,6 
8,1 

7,3 
7,8 
8,3 

7,5 
8,0 
8,5 

7,7 
8,2 

8,7 

7,8 
8,4 
8,9 

8,0 
8,5 
9,1 

8,2 
8,7 
9,3 

8,3 
8,9 
9,5 

8,5 
9,1 
9,7 

8,7 
9,3 
9,9 

8,9 

9,5 

10,1 

9,0 

9,6 

10,3 

17 
18 
19 

8,4 
8,8 
9,3 

^,6 

9,1 

9,5 

8,8 
9,3 
9,8 

9,0 

9,5 

10,0 

9,2 

9,7 

10,2 

9,4 

9,9 

10,4 

9,6 
10,1 
10,7 

9,8 
10,4 
10,9 

10,0 
10,6 

11,1 

10,2 
10,8 
11,4 

10,4 
11,0 
11,6 

10,6 
11,2 
11,8 

10,8 
11,4 
12,0 

20 
21 
22 

9,8 
10,2 
10,7 

10,0 
10,5 
10,9 

10,2 
10,7 
11,2 

10,5 
11,0 
11,5 

10  7 
11,2 

11,7 

11,0 
11,5 
12,0 

11,2 

11,7 
12,2 

11,4 
12,0 
12,5 

11,7 
12,2 
12,8 

11,9 
12,5 
13,0 

12,2 
12,7 
18,3 

12,4 
13,0 
13,6 

12,6 
13,2 
13,8 

23 
24 
25 

11,1 
11,6 
12,0 

11,4 
11,9 
12,3 

11,7 

'  12,1 

12,6 

11,9 
12,4 
12,9 

12,2 
12,7 
13,2 

12,5 
13,0 
13,5 

12,8 
13,3 
13,8 

13,0 
13,5 
14,1 

13,3 
13,8 
14,4 

13,6 
14,1 
14,7 

13,9. 
14,4^ 
14,9 

14,1 
14,7 
15,2 

14,4 
15,0 
15,5 

26 

27 
28 

29 
30 
31 

12,4 
12,9 
13,3 

12,8 
13,2 
13,6 

13,0 
13,5 
14,0 

13,4 
13,8 
14,3 

13,7 
14,1 
14,6 

14,0 
14,5 
15,0 

14,3 
14,8 
15,8 

14,6 
15,1 
15,6 

14,9 
15,4 
15,9 

15,2 

15,7 
16,2 

15,5 
16,0 
16,6 

15,8 
16,4 
16,9 

16,1 

16,7 
17,2 

17,8 
18,3 
18,9 

13,7 
14,2 
14,6 

14,1 
14,5 
14,9 

14,4 
14,9 
15,3 

14,7 
15,2 
15,6 

15,1 
15,6 
16,0 

15,4 
15,9 
16,4 

15,8 
16,2 
16,7 

16,1 
16,6 
17,1 

16,4 
16,9 
17,4 

16,8 
17,3 
17,8 

17,1 
17,6 
18,2 

17,4 
18,0 
18,5 

32 
33 
34 

35 
36 
37 

15,0 
15,4 
15,8 

15,4 
15,8 
16,2 

15,7 
16,2 
16,6 

16,1 
16,5 
17,0 

16,5 
16,9 
17,4 

16,8 
17,3 
17,8 

17,2 

17,7 
18,1 

17,6 
18,1 
18,5 

17,9 
18,4 
18,9 

18,3 

18,8. 

19,3 

18,7 
19,2 

19,7 

19  0 
19,6 
20,1 

19,4 
19,9 
20,5 

21,0 
21,5 
22,0 

16,2 
16,6 
17,0 

16,6 
17,0 
17,4 

17,0 
17,4 
17,8 

17,4 
17,8 
18,3 

17,8 
18,2 
18,7 

18,2 
18,6 
19,1 

18,6 
19,1 
19,5 

19,0 
19,5 
19,9 

19,4 
19,9 
20,3 

19,8 
20.3 
20,7 

20,2 
20,7 
21,2 

20,6 
21,1 
21,6 

38 
39 
40 

17,4 
17,8 
18,2 

17,8 
18,2 
18,6 

18,2 
18,6 
19,0 

18,7 
19,1 
19,  jl 

19,1 
19,5 
19,  D 

19,5 
20,0 
20,4 

20,0 
20,4 
20,8 

20,4 
20,8 
21,2 

20,8 
21,2 
21,7 

21,2 
21,7 
22,2 

21,6 
22,1 
2%6 

22,1 
22,5 
23,0 

22,5 
23,0 
23,5 
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TABLE  XIII.  Continued, 


^1 

HORIZONTAL  DIAMETER  OF  THE  MOON. 

App.  Zenith 
jDittance. 

29' 
30" 

29' 
50" 

30' 
10" 

30' 
30" 

30' 
50" 

31' 
10" 

31' 
30" 

31' 

50" 

32^ 
10" 

32' 
30" 

32' 
50" 

33' 
10" 

33' 
30" 

Deg. 

40 
41 

42 

// 

// 

II 

II 

II 

11 

II 

// 

II 

II 

n 

II 

Deg. 

18,2 
18,5 
18,9 

18,6 
19,0 
19,3 

19.0 
19.4 
19,8 

19,5 

19,9 
20,3 

19,9 
20,3 

20,7 

20,4 
20,  8 
21,2 

20,8 
21,2 
21,7 

21,2 

21,7 
22,  1 

21,7 
22,  1 
22,6 

22,2 
22,6 
23,0 

22,6 
23,0 
23,5 

23,0 
23,5 
24,0 

23,  5 
24,0 
24,4 

50 

49 
48 

47 
46 
45 

43 
44 
45 

46 

*7 

48 

49 

50 

.51 

52 
53 
54 

19,'^ 
19.6* 
19,9 

i9.7 
20,  1 
20,4 

20,  2 
20,6 
20,9 

20,7 
21,0 
21,4 

21,  1 
21,5 

21,9 

21,6 
22,0 
22,4 

22,  1 
22,5 
22,9 

22,6 
23,0 
23,4 

23,0 
23,4 
23,  8 

23,5 

23,9 
24,3 

23,9 
24,4 
24,  8 

24,4 

24,9 
25,3 

24,9 
25,4 

25,8 

20,3 
20,6 
20,9 

20,  8 

21,  1 
21,5 

21,3 
21,6 
22,0 

21,8 
22,  1 
22,5 

22,3 
22,6 
23,0 

22,  8 

23,  1 
23,5 

23,  3 
23,6 
24,0 

23,8 
24,1 

24,5 

24,  3 

24,7 

25,  1 

24,  8 
25,2 
25,5 

25,3 
2S,7 
26,  1 

25,8 
26,2 
26,6 

26,3 
26,7 
27,1 

44 
43 

42 

21,3 
21,6 

21,9 

21,  8 

22,  1 

22,4 

22,3 
22,6 
23,0 

22,  8 

23,  2 
23,5 

23,3 

23,7 
24,  0 

23,9 
24,  2 

24,6 

24,  4 
24,8 

25,  1 

24,9 
25,3 

25,7 

25,4 
25,8 
26,2 

26,0 
26,4 
26,7 

26,5 

26,9 
27,3 

27,0 
27,4 
27,8 

27,5 

27,9 
28,3 

41 
40 

39 

22,2 
22,5 
22,  8 

22,7 
23,0 
23,4 

23,3 
23,6 

23,9 

23,  8 

24,  1 
24,5 

24,  4 

24,7 
25,0 

24,9 

25,  2 

25,6 

25,5 

25,  8 

26,  1 

26,0 
26,3 
26,7 

26,5 

26,9 
27,3 

27,  1 
27,5 
27,8 

27,6 
28,0 
28,4 

28,2 
28,6 
28,9 

2S,7 
29,  1 
29,5 

38 
37 
3ff 

55 

56 
67 

58 

59 
60 

62 
64 
66 

23,  J 
23,  4 
23,6 

23,6 

23,9 
24,2 

24,2 
24,5 
24,  k 

24,8 
25,  1 
25,3 

25,3 
25,6 

25,9 

25,9 
26,2 
20,5 

26,5 
26,8 
27.  1 

27,0 
27,3 
27,7 

27,6 

27,9 

28,2 

28,  2 
28,  5 
28,8 

28,7 
29,1 
29,4 

29,3 

29,6 
30,0 

29,8 
30,2 
30,6 

35 
34 
33 

32 
31 
30 

28 
26 
24 

22 
20 
18 

16 
14 
12 

10 
8 
6 

4 

2 
0 

23,9 
24,  1 
24,4 

24,5 

24,7 
25,0 

25,1 
25,3 
25,6 

25,6 

25,9 
26,2 

26,2 
26,5 
26,  8 

26,8 
27,  1 
27,4 

27,4 

27,7 
28,0 

28,  0 
28,3 
28,  6 

28,6 

28,9 
29,2 

29.  1 
29,5 
29,8 

29,7 
30,0 
30,4 

30,3 
30,6 
31,0 

30,9 
31,  2 

31,6 

24,9 
25,3 

25,7 

25,5 

25.9 
26,3 

26,  1 
26,5 
27,0 

26,7 
27,2 
27,6 

27,3 

27,  8 

28,  2 

27,9 
28,4 

28,9 

28,  5 
29,0 
29,5 

29.  1 

29.  6 

30,  1 

29,7 
30,  3 

30,7 

31,2 
31,6 
32,0 

30,3 

30,9 
31,4 

30,9 
31,  5 
32,0 

31,6 
32,  1 
32,6 

32,  2 

32,7 
33,3 

6S 
70 
72 

26,  1 
26,5 
26,8 

26,7 
27,  1 

27.4 

27,4 

27,7 
28.  1 

28,  0 
28,4 
28,7 

28,7 
29,3 
29,4 

29,  3 
29,7 

30,  0 

29,9 
30,3 

30,7 

30,6 
31,0 
31,3 

31,8 
32,3 
32,  7 

32,5 

32,9 
33,3 

33,  1 
33,6 
34,0 

33,7 
34,2 
34,6 

74 
76 

78 

27.0 
27,3 
27.5 

27,7 
27,9 
28,  2 

28,4 
28,6 

28,9 

29,0 
29,3 
29,5 

29,7 
30,0 
30,  2 

30,4 
30,6 
30,9 

31,0 
31,3 
31,6 

31,7 
32,0 
32,  2 

32,3 
32,6 

32,9 

33,0 
33,3 
33,6 

33,7 
34,0 
34,2 

34,  3 
34,7 
34,9 

35,0 
35,  3 
35,6 

80 
82 
84 

8() 
88 
SO 

27,7 

27,9 
28,0 

23,4 
28,  5 
28,7 

29,  1 
29,2 
29,3 

29,7 

29.9 
30,  0 

30,4 
30,  6 
30,7 

31,  1 
31,3 
31,  \ 

31,  8 

31,9 

32,  1 

32,4 
32,  6 

32,  8 

33,  1 
33,  3 
33,4 

33y   8 

34,  0 
34,  1 

34,5 

34,7 
34,  8 

35,2 
3'^,  3 
3b,  5 

35,  8 
36,0 
36,2 

28,  1 
28,  1 
28,  1 

28,7 
28,  8 
28,8 

29,  4 

29,5 

29,5 

30,  1 
30,  2 
30,2 

30,  8 

30,9 
30,  9 

31,5 
31,  5 
31,6 

32,2 
32,2 
32,  3 

32,  9 

32,  9 

33,  0 

33,6 

33y6 

33,6 

34,  2 
34,3 
34,3 

34,9 
3i,  0 

35,0 

35,6 

3b,7 

35,7 

36,3 
36,4 
36,4 
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X 


bo 

ST 


o 
•  •*• 

I 


4 

-*  ;o  QO  Oi^ 

k          ck      ck      M      a^ 

CO  ^  coco  o 

-<  QO  to  t^  X 

^  ^  ^  ^  ^ 

48,0 
48,2 
48,4 
48,6 
48,7 

Ci  a-*  X  to  CO 
QO  Oi  Oi  Oi  Oi 

X  OC4'*tot^ 

November 

Oi  O  C^  QO  "* 

^        at       «       »      #k 

Q  "-^  •-<  ^i  '^ 

^9*  ''J*  ^J*  ^9*   '•J* 

COl^Oi  O  -H 

00  -*  cor<-o^ 

oTcN  cTol'oS' 

"^  ^  ^  '^  ^ 

O  09  X  to  CO 

ak      ak      ak      ak      (k 
X   X   X   X   X 
^    ^    ^    ^   ^ 

X  Oi  ^  X  «* 

cox  O-H  X 

September  October. 

"*  »o  o  t^« 

CO  QO  CO  QO  00 

Oi  O  C«  CO  '* 

•k      Sk  ^ak      M      ak 

Jr  28  2S  22  22 

CO  QO  00  00  CO 

•QCOt^X  Oi 

•k     «     »     »     .k 

22  22  2222  22 

X  X  QO  00  00 

O  «-<09  X"* 

Oi  ^  O^  ^  Oi 
X  X  X  X  X 

COt^X  05  o 

0«  X  "^i  tot^oo 

-*  to  CO  t-00 

^              jWfc         S^          M          tfk 
^^p      ^^^       ^^     ^^»         ^^p 
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•k       .k        fk        ak       ak 

"*  *o  »o  *o  »o 

CO  CO  CO  00  00 

»o  CO  r^x  o> 

.k      vk      (k      ak      (k 

to  to  »0  to  to 

X  X  X  X  CO 

O  i-i  09  X  "* 

»      ak       ak       (k       a« 

CO  CO  CO  CO  CO 
X  X  X  X  X 

to  CO  t^X  05 
X  X  X  X  QO 

Q  ^  04  09  X 

ak      fk      ak      ak      «k 

X  X  X  X  X 

• 

3) 

< 

^0  ;o  00  05  -H 
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04  00  »o  cot^ 
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TABLE  XVI. 


The  Equation  qf  the  Eqtunoxes  in  Longitude. 

Argcmsmt.    Long,  of  D's   SI- 


1 

O.  Sig. 

I.  Sig. 

II.  Sig. 

•"• 

*"• 

•"*"* 

VI.  Sig. 

VII.  Sig. 

VIII.  Sig. 

■  + 

+ 

.  4- 

0 

0,0 

8,9 

15,5 

SO 

1 

0,3 

9,2 

15,6 

29 

2 

0,6 

9,5 

15,8 

28 

S 

0,9 

9,7 

15,9 

27 

4 

1,2 

10,0 

16,1 

26 

5 

1,6 

10,2 

16,2 

25 

6 

1,9 

10,5 

16,3 

24 

7 

2,2 

10,8 

16,4 

23 

8 

2,5 

11,0 

16,6 

22 

9 

2,8 

li»2 

16,7 

21 

10 

3,1 

11,5 

16,8 

20 

11 

8,4 

11,7 

16,9 

19 

12 

3,7 

12.0 

17,0 

18 

IS 

♦.0 

12,2 

17,1 

17 

14 

♦.3 

12,4 

17,2 

16 

15 

4>6 

12,6 

17,8 

15 

16 

♦.9 

12,8 

17,3 

14 

17 

5,2 

13,1 

17,4 

IS 

18 

5,5 

13,8 

17,5  • 

12 

19 

5,8 

13,5 

17,5 

11 

20 
21 

6,1 

1^,7 

17,6 

10 

6,4 

13,9 

17,6 

9 

22 

6,7 

14,1 

17,7 

8 

23 

7,0 

14,3 

17,7 

7 

24 

7,3 

14,5 

17,8 

6 

25 

7,5 

14»6 

17,8 

5 

26 

7.8 

14,8 

17,8 

4 

27 

8,1 

15,0 

17,8 

S 

28 

8,4 

15,1 

17,9 

2 

29 

8,7 

15,3 

17,9 

1 

30 

8,9 

15,5 

17,9 

0 

V.~Sig. 

ivTsig 

III.  Sig. 

Degrees. 

t 
T 

+ 

+ 

XI.  Sig. 

X.  Sig. 

IX.  Sig. 

VOL.  n. 


SM 
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TABLE  XVII. 


The  Mean  Motions  of  ihe  Sua  in  Right  Ascension  in  Time,  to  every  Day  in 

tfte  Year. 


Days. 

January. 

February. 

March. 

April. 

May. 

June. 

H*     M*     8« 

H.     M*     S. 

H*     M.    S. 

H.     M.     8. 

I  H.   *M.     8. 

H.    If.    s; 

1 
2 
3 
4 

0.     3.  56,6 
0.    7.  53, 1 
0.  11.  49,7 
0.  15.  4^>,2 

2.     6.    9,8 
2.  10.    6,3 
2.  14.    2,9 
2.  17.  59,4 

4.    0.  29,9 
4.    4.  26,4 
4.     8.  23,0 

5.  58.  46,5 

6.  2.  43, 1 
6.     6.  39,7 
6.  10.  36,2 

7.  57.     3,  2 

8.  0.  59,8 
8.     4.  56, 3 
8.     8.  52,9 

9.  59.  16,4 
iO.     3.  13,0 
10.     7.     9,5 
la  11.    6,1 

5 
6 

7 
8 

0.  19.  42, 8 
0.  23.  39, 3 
0.  27.  35,9 
0.  31.  32,4 

2.  21.  56,0 
2.  25.  52,5 
2.  29.  49,  I 
2.  33.  4ft  7 

4.  12.  19,5 
4.  16.  16, 1 
4.  90.  12,7 
4.  24w  .  9,  2 

6.  14.  32,8 
6.  18.  29,  3 
6.  22.  25,9 
6.  2^  22,4 

8.  12.  49,4 
8.  16.  46, 0 
8.  20.  42,5 
8.  24.  39, 1 

10.  15.     2,6 
la  18.  59,2 
la  22.  55,7 
la  26.  52,  i 

9 
10 
11 
12 

0.  35.  29,0 
0.  39.  25,6 
0.  43,  22, 1 
0.  47.  18,7 

2.  37.  42,  2 
2.  41.  38,8 
2.  45.  35,  3 
2.  49.  31,  9 

4.  28.     5, 8 , 
4.  32.     2, 3 
4.  S5.  58,9 
4.  89.  55, 4 

6.  30.  19,0 
6.  34.  15,5 
6.  38.  12, 1 
6.  42.     8,6 

8.  28.  35,6 
8.  32.  82,  2 
6.  36.  28, 8 
S.  40.  25,3 

iO.  3a  48,^ 
m  34.  45,4 
^a  38.  42,0 
ia^42.  38,5 

13 
14 
15 
16 

0.  51.  15,2 
0.  55.  11,8 

0.  59.    8,3 

1.  3.    4,9 

2.  53.  28,4 

2.  57.  25,0 
S.     1.  21,5 

3.  5.  16,1 

4.  43.  52,0 
4.  47.  48,5 
4.  51.  45, 1 
4.  55.  41,6 

6.  46.    5,2 
6.  50.     1,  8 
6.  53.  58,  3 
6.  57.  54,9 

8.  44.  21,9 
8.  48.  18,4 
8.  52.  15,0 
8.  56.  11,5 

10.  46.  3^,  1 
10.  50.  81,6 
la  54^  28,2 
10.  58.  24,7 

17 
18 
19 
20 

1.    7.     1,4 
1.  10.  58,0 
1.  14.  54,5 
1.  18.  51, 1 

3.     9.  14,7 
3.  13.  11,2 
3.  17.    7,8 
3.  21.    4,3 

4.  59.  38,2 

5.  3.  34, 8 

5.  7.  31,3 

6.  11.  27,9 

7.     1.  51,4 
7.     5.  48,0 
7.    9.  44,5 
7.  13.  41, 1 

9.    0.     8,1 
9.     4.     4,6 
9.     8.     1,2 
9.  11.  57,7 

11.     2.  21,3 
11.     6.  17,9 
11.  10.  14,4 
11.  14.  11,0 

21 
22 
23 
24 

1.  22.  47,7 
1.  26.  44,2 
1.  30.  40,  8 
1.  34.  37,3 

3.  25.     0,9 
3.  28.  57,4 
3.  32.  54,0 
3.  36,  50,5 

5.  15.  24,4 
5.  19.  21,0 
5.  23.  17,5 
5.  27.  14, 1 

7.  17.  37,6 
7.  21.  34,2 
7.  25.  30,8 
7.  29.  27, 3 

9.  15.  54,3 
9.  19.  50,9 
9.  23.  47,4 
9.  27.  44,0 

11.  18.     7,5 
11.  22.     4,1 
11.  26.     0,6 
11.  29.  57,2 

25 
26 
27 
28 

1.  38.  33,9 
1.  42.  30,4 
1.  46.  27,  0 
1.  50,  23,5 

3.  40.  47, 1 
3.  44.  43, 6 
3.  48.  40,2 
3.  52.  36,8 

5.  31.  10,6 
5.  35.     7,2 
5.  39.     3,8 
5.  43.    0, 3 

7.  33.  23,  9 
7.  37.  20,4 
7.  41.  17,0 
7.  45.  13,5 

a  31.  40,  5 
9.  35.  37, 1 
9.  39.  33,6 
9.  43.  30,2 

11.  33.  53,7 
11.  37.  50,3 
11.  41.  46,9 
11.  45.  43,4 

29 
SO 
31 

1.  54.  20, 1 

1.  58.   16,7 

2.  2.   13,2 

5.  46.  56,  9 

5.  50.  53,4 
5.  54.  50,0 

7.  49.  10, 1 
7.  53.     6,6 

9.  47.  26, 7 
9.  51.  23,3 
9.  55.  19,9 

11.  49.  40,0 
11.  53.  36,5 

In 

the  months  of  January  and  February  in  leap-year,  take  out  for  the  day  preceding 

the  given  day. 
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TABLE  XVII.    Continued, 


Days. 

July. 

August. 

September. 

October. 

November. 

December.  \ 

H*     Ac.     o. 

R.    M.     8. 

H.     M.     ^ 

H.     M.    8. 

H.    M.    8. 

n.     Al.     5. 

1 
2 

4 

11.57.33,1 
12.    1 4  29,6 
12.    5,26,2 
12.    9.22,7 

13.59:46^3 
14.    3i42,8 
14.    7.39,4 
14.  11;  36,0 

16.    1.59,5 
16.    5  56,1 
16.    a  52, 6 
16.  13.  49, 2 

18.    0.16,2 
18.    4.  12,7 
18.    8.    9,3 
18.  12.    5, 8 

20.    2.29,4 
20.    6.26,0 
20.  10.  22, 5 
20.  14.  19, 1 

?2.  0.46,0 
22.  4.42,6 
i2.  8.  39, 2 
22.  12.  35, 7 

5 
6 

7 
8 

12.  13.  19, 3 
12.  17-  15, 9 
12.  2K  12,4 
12.25.    9,0 

14.  15  32,  5 
14.  19:29,1 
14.  23-  25, 6 
14.  27.  22, 2 

16.  17.  45, 7 
16.  21.  42,  3 
16.  26.  38, 8 
16.  28.  35, 4 

18.16.    2,4 
18.19.59,0 
18.23.55,5 
18.  27.  52, 1 

20.  18.  15,6 
20.  22.  12, 2 
20.26.    8,7 
20.30.    5,5 

2^.  16.  32, 3 
22.  20.  28, 8 
?2.  24.  25,  4 
32.28.21,9 

9 
10 
11 
12 

12.29.    5,5 
12.33:   2,1 
12.  36^  58, 6 
12.  40.  55, 2 

14.31.18,7 
14.  35. 15, 3 
14.39.11,8 
14.43.    8,4 

16.  33.  32, 0 
16.  37.  28, 5 
16.  41.  25, 1 
16.  45.  21, 6 

1&  ai.  48, 6 
18.  35.  45, 2 
18.39.41,7 
1&  43.  38,3 

2a  34.    1,8 
20.  37.  58, 4 
20.41.54,9 
20.45.51,5 

22.  32.  18, 5 
22.  36.  15, 0 
22.40.  11,6 
22.44.    8,2 

13 
14 
16 
16 
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TABLE   XXII. 


Time  taken  by  Light  to  move  over  Paris  qfthe  Orbis  Magnus. 
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Parts 

Pans 
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of 
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of 
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Time. 

of 
Orbit 

Time. 

Magnus. 

Magnus. 
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TABLE  XXV. 

The  Angle  between  tlie  Ecliptic  and  parallel  to  tlie  Eqttafor^  to  Hie  Obliquity  of  the 
Ecliptic  23°.  28'  J  with  the  Variation  for  10"  Variation  if  the  Obliquity. 
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TABLE  XXXL  Comimei. 


ALTITUDE  OF  THE  SUN  OR  MOON. 

«■ 
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34° 

«• 
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52' 
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., 

. 

., 
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3 
6 
9 
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0* 
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0.0 
0,0 
0.0 

0,0 
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0,0 
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IS 
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0,1 
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0,1 
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0,1 
0,1 
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0,1 
0,1 

0,0 
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21 
24 
27 

0,3 
0,6 
0,7 

0.3 
0.4 
0.5 

0,3 
0,3 
0,4 

0,2 
0,3 
03 

0,2 
0,2 
0,2 

0,1 
0.2 
0.2 

0,1 
0,1 
0,2 

0,1 
0.1 
0,1 

30 
33 
36 

0,9 
1,0 
1,2 

0.6 
0.8 
0.9 

0,5 
0,6 

0,7 

0,4 
0.6 
0.5 

0,3 
0,3 
0,4 

0,2 
0,3 
0,3 

0,2 
0,2 
0,3 

0,1 

0.2 
ft2 

39 
42 
45 

1.4 
1.6 
1.8 

2.0 
2,2 
2,3 

1.0 
1.1 
1.3 
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0,9 
1.0 

0,6 
0,7 
0,8 

0,6 
0,5 
0,6 

0,4 
0,4 
0,5 

0,3 
0.4 
0.4 

0.2 
OkS 
03 

48 

Si 

n 
m 

1.4 
1,6 

1,7 

1.1 
1,2 
1,3 

0,9 
1.0 

0,7 
0,7 
0,8 

0,5 
0,6 
0,6 

0.4 
03 
0.5 

0,3 
03 
0,4 

2.5 
2.6 
2.8 

1.8 
1.9 
2fl 

1.4 
1>5 
1.6 

l.I 
1.2 
1.3 

0,8 
0,9 
0,9 

Oi7 
0,7 
0,8 

0.6 
0.6 
OJB 

0,4 
fc4 
0,4 

66 
6)1 

n 

S4 

2,9 
3,1 
A2 

2,1 
2.2 
2,3 

1.7 
1.7 
1,8 

1.3 
1,4 
1,4 

1.0 
1,0 
1,1 

0,8 
0,8 
0,9 

0,7 
0,7 
0,7 

03 
03 
03 

3,3 
3.4 
3.4 

.'O 

■xa 

3^ 

2.4 
2,5 
2.5 

1.8 
1,9 
1.9 

1,5 
1,5 
1,5 

1.1 
l.I 
1,2 

0,9 
0,9 
0,9 

0,7 
0.8 
0.8 

03 
0,5 
0.5 

2,6 
2,6 

1,9 
2,0 
2.0 

1,6 
1.6 
1,6 

1,2 
1,2 
1,2 

0,9 
1,0 
1,0 

0,8 
0,8 
0,8 

0.6 
ft6 
0.6 
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TABLE  XXXII. 


For  reducing  Sidereal  to  Mean  Solar  Timfi. 


Hours. 

Min.  Sec. 

Minutes. 

1 

2 
3 

Sec. 

Seconds. 

Sec. 

1 
2 
3 

0.  9,  83 
0.  19,  66 
0.  29,  49 

0,16 
0,33 
0.49 

1 
2 
3 

0,00 
0,01 
0,01 

4 
5 
6 

0.  39,  32 
0.  49,  15 
0.  58,  98 

4 
5 
6 

0,66 
0,82 
0,98 

4 
5 

7 
8 
S 

0,01 
0,01 
0,02 

7 
8 
9 

1.  8,  81 
1.  18,  64 
1.  28,  47 

7 
8 
9 

1,15 
1,31 
1,47 

0,02 
0,02 
0,02 

10 
11 
12 

1.  38,  30 
I.  48,  13 
1.  57,  96 

10 
11 
12 

1,64 
1,80 
1,97 

10 
11 
12 

0,03 
0,03 
0,03 

13 
14 
15 

2.  7,  78 
2.  17,  61 

«13 
14 
15 

2,13 
2,29 
2,46 

13 
14 
15 

0,04 
0,04 
0,04 

16 
17 
18 

2.  37,  27 
2.  47,  10 
2.  56,  93 

16 

17 
18 

2,62 
2,78 
2,95 

16 
17 
18 

0,04 
0,05 
0,05 

19 
20 
21 

3.  6,  76 
3.  16,  59 
3.  26,  42 

18 
20 
30 

3,11 
3,28 
4,91 

19 
20 
SO 

0,05 
0,05 
0,08 

22 
23 
24 

3.  36,  25 
3.  46,  08 
3.  55,   91 

40 
50 
60 

6,55 
8,19 
9,83 

40 
50 
60 

0,11 
0,14 
0,16 

IfOU  II. 


X  X 
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TABLE    XXXm. 


For  converting  Mean  Solar  into  Sidereal  Time. 


Hours. 

MiQ.  Sec. 

NCnutes. 

Sec. 

Seconds. 

Sec. 

1 
2 
3 

0.     9,86 
0.  19,  71 
a  29,57 

1 
2 
S 

0,16 
0,33 
0,49 

1 
2 
3 

0,00 

aoi 

0,01 

4 

5 
6 

0.  39,43 
0.  49,  28 
a  59,14 

4 

5 
6 

0,82 
0,99 

4 
5 
6 

0,01    . 

0,01 

0,02 

7 
8 
9 

1.     8,99 
1.  18,  a5 
1.  28,  71 

7 
8 
9 

1,15 
1,31 
1,48 

7 
8 
9 

0,02 
0,02 
0,02 

10 
11 
12 

1.  88,  se 

1.  48,  42 

1/58,28 

10 
11 
12 

1,6^ 
1,82 
1,97 

10 
11 
12 

0,03         I 
0,03 

13 
14 
15 

2.     8,13 
2.  17,99 
2.  27,  85 

13 
14 
15 

2,14 
2,30 
2,46 

13 
14 
15 

0b04 

ao4 

0,04 

16 
17 
18 

2.  87,  70 
2.  47,  56 
2.  57,  42 

16 
17 
18 

2,65 
2,79 
2,96 

16 
17 
18 

ao4 

0,05 
0,05 

19 
20 
21 

3.     7,27 
3.  17,  IS 
3.  26,  98 

19 

20 
30 

3,12 
3,28 
4,93 

19 
20 
30 

0,05 
0,05 
0,08 

22 
23 
24 

3.  36,  84 
3.  46,  70 
3.  56,  55 

40 
50 
60 

6,57 
8,21 
9,86 

40 
50 
60 

0,11 
0,14 
0»16 

r^ 
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TABLE  XXXV III. 


The  Equation  of  Second  Dijffkrencey  me/ulin  eompuling  the  Moon's  Place  from  iKe 

Nautical  Epliemeris. 


^ 

Second  Difference  of  the  Moon's 

Place. 

• 

Apparent  Time 

after  Noon 

w  Midnight. 

• 

0 

Minute 

• 

1 

1 

1   Minute. 

10" 

20" 

SO' 

40" 

50'' 

0' 

10' 

20" 

SO" 

40" 

50" 

H.    M. 

II.    M. 

*f 

// 

// 

// 

// 

// 

/ 

// 

// 

0.     0 

12.     0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.    10 

11.  50 

0,1 

0,1 

0,2 

0,3 

0,3 

0,4 

0,5 

0,5 

0,6 

0,7 

0,8 

a  20 

11.  40 

0,1 

0,3 

0,4 

0,5 

0,7 

0,8 

0,9 

1,1 

1,2 

1,4 

1,5 

0.   30 

11.  30 

0,2 

0,4< 

0,6 

0,8 

1,0 

1,2 

1,4 

1,6 

1,8 

2,0 

2,2 

0.   40 

11.  20 

0,3 

0,5 

0,8 

1,0 

1,3 

1,6 

1,8 

2,1 

2,4 

2,6 

2,9 

O.  50 

11.  10 

0,3 

0,6 

1,0 

1,3 

1,6 

1,9 

2,3 

2,6 

2.9 

3,2 

S,6 

1.     0 

11.     0 

0,4 

0,8 

1,1 

1,5 

1,9 

2,3 

2,7 

3,1 

3,4 

3.8 

4,2 

1.    10 

10.  50 

0,4< 

0,9 

1,3 

1,8 

2,2 

2,6 

3,1 

3,5 

3,9 

4,4 

4,8 

1.   20 

10.  40 

0,5 

1,0 

1,5 

2,0 

2,5 

3,0 

3,5 

4,0 

4,4 

4,9 

5,4 

1.   30 

10.  SO 

0,5 

I.l 

1,6 

2,2 

2,7 

S,  3 

3,8 

4,4 

4,9 

6,5 

6,0 

•^1.   40 

10.  20 

0,6 

1,2 

1,8 

2,4 

8,0 

S,6 

4.2 

4,8 

5,4 

6,0 

6,6 

1.   50 

10.  10 

0.6 

1,3 

1,9 

2,6 

3,2 

3,9 

4,5 

5,2 

5,8 

6,5 

7,1 

2.     0 

10.     0 

0,7 

1,4 

2,1 

2,8 

3,5 

4,2 

4,9 

5,6 

6,3 

6,9 

7,6 

2.    10 

9.  50 

0,7 

1,5 

2,2 

3,0 

8,7 

4,4 

5,2 

5,9 

6,7 

7,4 

8,1 

S.   20 

9.  40 

0,8 

1,6 

2,3 

3,1 

3,9 

4,7 

5,5 

6,3 

7,0 

7,8 

8,6 

2.   30 

9.  30 

0,8 

1,6 

2,5 

3,3 

4,  1 

4,9 

5,8 

6,6 

7,4 

8.2 

9,1 

2.  40 

9.  20 

0,9 

1,7 

2,6 

3,5 

4,3 

5,2 

6,0 

6,9 

7,8 

S,S 

9.5 

2.   50 

9.   10 

0,9 

1,8 

2,7 

3,6 

4,5 

5,4 

6,3 

7,2 

8,1 

9,0 

9,9 

3.     0 

9.     0 

0,9 

1,9 

2,8 

3,8 

4.7 

5,6 

6,6 

7,5 

8,4 

9,4 

10,3 

S.    10 

8.  50 

1,0 

1,9 

2,9 

3,9 

4,9 

5,8 

6,8 

7,8 

8,7 

9,7 

10,7 

3.   20 

8.  40 

1,0 

2,0 

8,0 

4,0 

5,0 

6,0 

7,0 

8,0 

9,0 

10,0 

11,0 

8.   30 

8.  30 

1,0 

2,1 

3,1 

4,1 

5,2 

6,2 

7,2 

8,3 

9,3 

10,3 

11,4 

S.  40 

8.  20 

1.1 

2,1 

3,2 

4,2 

5,3 

6,4 

7,4 

8,5 

9,5 

10,6 

11,7 

8.   50 

8.  10 

1,1 

2,2 

3,3 

4,3 

5,4 

SyS 

7,6 

8,7 

9,8 

10,9 

12,0 

4^     0 

8.     0 

1,1 

2,2 

8,3 

4,4 

5y6 

6,7 

7,8 

8,9 

10,0 

11,1 

12,2 

4.    10 

7.  50 

1,1 

2,3 

8,4 

4,5 

5,7 

6,8 

7,9 

9,1 

10,2 

11,3 

12,5 

4.   20 

7.  40 

1,2 

2,3 

3,5 

4,6 

5,8 

6,9 

8,1 

9,2 

10,4 

11,5 

12,7 

4.   30 

7.  30 

1,2 

2,3 

3,5 

4,7 

5,9 

7,0 

8,2 

9,4 

10,5 

11,7 

12,9 

4.   40 

7.  20 

1,2 

2,4 

3,6 

4,8 

5,9 

7,1 

8,3 

9,5 

10,7 

11,9 

13,1 

4.  50 

• 

7.  10 

1,2 

2,4 

3,6 

4,8 

6,0 

7,2 

8,4 

9,6 

10,8 

12,0 

13,2 

5.     0 

7.     0 

1,2 

2,4 

3,6 

4,9 

6,1 

7,3 

8,5 

9,7 

10,9 

12,2 

13,4 

5.   10 

6.  50 

1,2 

2,5 

3,7 

4,9 

6,1 

7,4 

8,6 

9,8 

11,0 

12,3 

13,5 

5.  20 

6.  40 

1.2 

2,5 

3.7 

4,9 

6,2 

7,4 

S,6 

9,9 

11,1 

12,3 

13,6 

5.   30 

6.  SO 

1.2 

2,5 

8.7 

5,0 

6,2 

7,4 

8,7 

9,9 

11,2 

12,4 

13,7 

5.  40 

6.  20 

1,2 

2,5 

8.7 

5,0 

6,2 

7,5 

8,7 

10,0 

11,2 

12,5 

13,7 

5.  50 

6.  10 

1,2 

2.5 

•3,7 

5,0 

6,2 

7,5 

8,7 

10,0 

11,2 

1&,5 

13,7 

6.     0 

6.    0 

i,s 

2,5 

3,8 

5,0 

6,3 

7,5 

8,8 

10,0 

11,3 

12,5 

13,8 
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TABLE  XXXVIII.    ConUnued. 


Second  Difference  of  the  Moon's  Pi 

ce. 

*E" 

t  Time 
Nooa 

3  Min 

O' 

10" 

20" 

30' 

40" 

50" 

0" 

10" 

20- 

30" 

40"    1     50- 

«.  «. 

H.    M. 

„ 

„ 

„ 

„ 

„ 

„ 

„ 

„ 

..      1      „ 

0.    0 

12.     f 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.0 

0,0 

0,0 

0.0 

0.  10 

11.  51 

0,8 

0,9 

1,0 

1,0 

1,  I 

1.2 

1,2 

1,3 

1.4 

1,4 

1.5 

1,6 

0.20 

II.  4( 

1,6 

1.8 

1.9 

2,0 

2,2 

2,3 

2,4 

2,6 

2,7 

2,8 

3,0 

0.30 

II.  !K 

2,4 

2,6 

2.3 

3,0 

3,2 

3,4 

3.6 

3,  8 

4.0 

4,2 

4,4 

0.40 

U.  2( 

3,1 

3,4 

3,7 

3.9 

4,2 

4,5 

4,7 

5.0 

5.2 

.5,5 

5,8 

6,0 

0.  .50 

11.  10 

3,9 

4,2 

4.5 

4.8 

5,  2 

5,S 

5,8 

6,  1 

7,3 

6.5 

6.8 

7,1 

7,4 

1.    0 

11.     f 

4,9 

5,0 

5,3 

5,7 

6,  1 

6,5 

G,9 

7,6 

8,0 

8,4 

1.  10 

JO.  5C 

5,3 

5,7 

6,1 

6,6 

7,0 

7,5 

7,9 

8,  3 

8.8 

9,2 

9.7 

10,1 

1.20 

10.  -K 

5,9 

6.4 

6.9 

7.4 

7.9 

8,4 

8,9 

9,  4 

9.9 

10.4 

10,9 

11,4 

1.30 

10.  3( 

6,6 

7,  i 

7,7 

8,2 

8,8 

9,3 

9,8 

10,4 

10,9 

11,5 

12,0 

l'i,6 

1.40 

10.  a: 

7.2 

7.8 

8,4 

9,0 

9.6 

10.2 

10,8 

11,4 

12,0 

12.6 

13,2 

1.50 

10.  IC 

7,8 

8,4 

9,1 

9,7 

10.4 

11,0 

11,6 

12,3 

12,9 

13,6 

14.2 

14.9 

2.    0 

!0.     0 

8,3 

9,0 

fl,  7 

10,4 

11.  1 

11,8 

12,5 

13,2 

13,9 

14,6 

15,3 

16,0 

S.  10 

9.  5C 

8.9 

9,6 

10  4 

11,  I 

11,8 

12,6 

13,3 

14,  I 

14.  S 

15,5 

16.3 

2.20 

fl.  U 

9.4 

10,  2 

11,0 

11,7 

12,5 

13,3 

14,  I 

14,9 

1.5.7 

16.4 

17,2 

2.30 

9.  3( 

9,9 

10,7 

11,5 

12,4 

13.2 

14,0 

14,8 

15,7 

16.5 

17.3 

18.  1 

19,0 

2.40 

9.  2( 

10.4 

11.',; 

12.1 

13,0 

13,8 

14,7 

15,6 

16,4 

17,3 

18,1 

19.0 

2.50 
3.    0 

9.  10 

10,8 

11,7 
12,2 

12.6 

13,5 

14,4 

15,3 

16,2 

17,  1 
17,8 

18,0 

18,9 

19.8 

20,7 

11,3 

13.  1 

14.  1 

15,0 

15,9 

16.9 

18,8 

19,7 

20,6 

3.  10 

8.  5( 

11,7 

12,6 

13,6 

14,6 

15,5 

16,5 

17,5 

18,5 

19,4 

20.4 

21,4 

22,3 

5,20 

8.  U 

iy.  0 

13.0 

14,0 

In    0 

16,0 

17,  1 

18,  1 

19.  1 

20.  1 

21,  I 

22,  1 

23.  1 

3.30 

8.  30 

12.4 

13  4 

14,  5 

15   ,5 

16,  5 

17.6 

la.  6 

19  6 

20,7 

21,7 

22,7 

23,8 

3.40 

8.  2C 

12,7 

13.8 

14,9 

15,9 

17,0 

18,0 

19,1 

20,  2 

21,  2 

22,3 

23,3 

24,4 

3.50 

8.  10 

13,0 

14.  1 

15.2 

l(i,  3 

17,4 

18,5 

19.6 

20,7 

21,7 

22,  8 
2.1.3 

23,9 

25,0 

♦.    0 

8.     0 

13   3 

14,4 

15,  e 

Ui,  7 

17,  8 

18,9 

20,0 

21,  1 

22.2 

24.4 

25,6 

4.,  10 

7.  5C 

1,^  fi 

14,7 

1.5.9 

17,0 

18,  1 

19,3 

20,4 

21,5 

22,7 

23,8 

24,9 

+.  20 

7.  K 

13,8 

!.i,  0 

16,  1 

17,  3 

18.5 

19,6 

20.8 

21,9 

•1%\ 

24,2 

25,4 

26,5 

+.30 

7.  3C 

U,  1 

\5.  '1 

Ui,  4 

17.6 

18,8 

19,9 

21,  1 

22.3 

23,4 

24,6 

25,8 

27,0 

4..  40 

7.  2( 

14,3 

15,4 

Hi,  6 

17,8 

19,0 

20,2 

21,4 

22,6 

23.8 

25,  0 

26,1 

27,3 

4.  SO 

7.  !U 

U. -i 

15,6 

16,8 

18,0 

19,2 

20.4 

21,6 

22.  9 

24,  1 

25,3 

26.5 

27.7 

5.    0 

7.     0 

14,6 

1,5.8 

17,0 

18,2 

19.4 

20.7 

21,9 

23.  1 

24,3 

25,5 

26,7 

28,0 

5.  10 

6.  m. 

14,7 

1.^9 

17.2 

18,4 

19.6 

20.8 

22,1 

23,3 

24,5 

25.7 

27,0 

28,2 

5.20 

G.  -k 

14.8 

Ifi,  0 

17,3 

18.5 

19,8 

21.0 

^2,  2 

23,5 

24,7 

25.9 

27,2 

28,4 

5.30 

6.  3t 

14,9 

16,  1 

17,4 

18,6 

19.  9 

21.  1 

22,3 

23,6 

24,8 

26.  1 

27,3 

5.40 

6.  2( 

15.0 

16,2 

17.4 

18,7 

ly.  9 

21, '.^ 

22,4 

23,  7 

24,9 

26.2 

27,4 

*    10 

15.0 

16,2 

17,5 

18,7 

20,0 

21,2 

22,5 

23,7 

25,0 

26,2 

27,5 

28.7 

15,0 

16,  3 

17,5 

IS,  8 

20,0 

21,3 

22,5 

23,8 

25,0 

26.3 

27.5 

28,8 
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TABLE  XXXVIII.    Continued. 


Second  Difference  of  the  Moon's  Place. 

Apparent  Time 

sfter  .Noon 

or   Midnight. 

• 

4  Minutes. 

1 

5  Minutes. 

0" 

10"    i 

20"    i 

30" 

40" 

50"     j 

0' 

10" 

20" 

30" 

40" 

50" 

H.   M. 

H.   M. 

// 

II 

// 

II 

// 

// 

II 

It 

// 

II 

II 

u 

0.      0 

12.     0 

0,0 

0,0 

0,0  . 

0,0  1 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.  10 

11.  50 

1,6 

1,7 

1,8   ; 

1,8  ! 

1,9 

2,0 

2,1 

2,1 

2,2 

2,3 

2,3 

2,4 

0.  20 

11.  40 

3,2 

3,4 

3,5  ■ 

3,6 

3,8 

3,9 

4,1 

4,2 

4,3 

4,5 

4,6 

4,7 

0   30 

11.  30 

4,8 

5,0 

5,2 

5,4 

5,^ 

5,8 

6,0 

6,2 

6,4 

%y^ 

6,8 

7,0 

0.  40 

11.  20 

6,3 

6,6 

6,8 

7,1 

7,3 

7,6 

7,9 

8,1 

8,4 

8,7 

8,9 

9,2 

0.  50 

11.  10 

7.8 

8,1 

8,4 

8,7 

9,0 

9,4 

9,7 

10,0 

10,3 

10,7 

11,0 

11,3 

1.     0 

11.     0 

9,2 

9,5 

9,9 

10,3  1 

10,7 

11,1 

11,5 

11,8 

12,2 

12,6 

13,0 

18,4 

1.  10 

10.  50 

10,5 

11,0 

11,4 

11,8 

12,3 

12,7 

13,2 

13,6 

14,0 

14,5 

14,9 

15,4 

r.  20 

10.  40 

11,9 

12,3 

12,8 

13,8 

13,8 

14,3 

14,8 

15,3 

15,  8 

16,3 

16,8 

17,3 

I.  30 

10.  30 

13,1 

13,7 

14,2 

14,8 

15,3 

15,9 

16,4 

17,0 

17,5 

18,0 

18,6 

19,  1 

1.  40 

10.  20 

14,4 

14,9 

15,5 

16,1 

16,7 

17,3 

17,9 

18,5 

19,  1 

19,7 

20,3 

20,9 

1.  50 

10.  10 

15,5 

16,2 

16,8 

17,5 
18,8 

18,  1 

18,8 

19,4 

20,1 
21,5 

20,7 

21,4 

•22,0 

22,7 

2.     0 

10.     0 

16,7 

17,4 

18,  1 

19,4 

20,  1 

20,8 

22,2 

22,9 

23,6 

24,3 

2.  10 

9.  50 

17,8 

18,5 

19,2 

20,0 

20,7 

21,5 

22,2 

22,9 

23,  6  1  24,  4 

25,2 

25,9 

2.  20 

9.  40 

18,8 

19,6 

20,4 

21,1 

21,9 

22,7 

23,5 

24,3 

25,  1 

25,8 

26,6 

27,4 

2.  30 

9.  30 

19,8 

20,6 

21,4 

22,3 

23,  1 

23,9 

24,7 

25,6 

26,4 

27,2 

28,0 

28,9 

2.  40 

9.  20 

20,7 

21,6 

22,5 

23,3 

24,2 

25,1 

25,9 

26,8 

27,7 

28,5 

29,4 

30,2 

2.  50 

9.  10 

21,6 

22,5 

23,4 

24,3 

25,3 

26,2 

27,1 

28,0 

28,9 

29,8 

30,7 

31,6 

8.     0 

9.     0 

22,5 

23,4 

24,4 

25,3 

26,  3 

27,2 

28,1 

29,1 

30,0 

30,9 

31,9 

32,8 

8.  10 

8.  50 

i3,  3 

24,3 

25,3 

26,2 

27,2 

28,2 

29,1 

30,1 

31,  1 

32,  1 

33,0 

34,0 

3.  20 

8.  40 

24,  1 

25,  1 

26,1 

27,1 

28,1 

29,1 

30,1 

31,  1 

32,  1 

33,  1 

84,  1 

35,1 

3.  30 

8.  30 

24,8 

25,8 

26,9 

27,9 

28,9 

30,0 

31,0 

32,0 

33,  1 

34,  1 

35,  1 

36,2 

3.  40 

8.  20 

25,5 

26,5 

27,6 

28,6 

29,7 

30,8 

31,8 

32,9 

34,0 

35,0 

36,  1 

37,1 

3.  50 

8.  10 

26,1 

27,2 

28,3 

29,3 

30,4 

31,5 

32,6 

33,7 

34,8 

35,  9 

37,0 

38,0 

4.     0 

8.     0 

26,7 

27,8 

28,9 

30,0 

31,1 

32,2 

33,3 

34,4 

35,6 

36,7 

37,8 

38,9 

4.  10 

7.  50 

27,2 

28,3 

29,5 

30,6 

31,7 

32,9 

34,0 

35,1 

36,3 

37,4 

38,5 

39,7 

4.  20 

7.  40 

27,7 

28,8 

30,0 

31,1 

32,3 

33,5 

34,6 

35,8 

36,9 

38,  1 

39,2 

40,4 

4.  30 

7.  30 

28,  1 

29,3 

30,5 

31,6 

32,8 

34,0 

35,2 

36,3 

37,5 

38,7 

39,8 

41,0 

4.  40 

7.  20 

28,5 

29,7 

20,9 

32,  1 

33,3 

34,5 

35,6 

36,8 

38,0 

39,2 

40,4 

41,6 

4.  50 

7.  10 

28,9 

30,  1 

31,3 

32,5 

33,7 

34,9 

36,1 

37,3 

38,5 

39,7 

40,9 

42,  1 

5.     0 

7.     0 

29,2 

30,4 

31,6 

32,8 

34,0 

35,2 

36,5 

37,7 

38,9 

40,  1 

41,3 

42,5 

5.  10 

6.  50 

29,4 

30,6 

31,9 

33,1 

34,3 

35,6 

36,8 

38,0 

39,2 

40,5 

41,7 

42,9 

5.  20 

6    40 

29,6 

30,9 

32,  1 

33,3 

34,6 

35,8 

37,0 

38,3 

39,5 

40,  7  i  42,  0 

43,2 

5.  30 

6.  30 

29,8 

31,0 

32,3 

33,5 

'  34,8 

36,0 

37,2 

38,5 

39,7 

41,  0  ;  4^,  2 

43,4 

5.  40 

6.  20 

29,9 

31,2 

32,4 

33,6 

.  34,9 

36,  1 

37,4 

38,6 

39,9 

41,  1   ,  42,  4 

43,6 

5.  50 

6.  10 

30^0 

31,2 

32,5 

33,7 

35,0 

36,2 

37,5 

38,7 

40,0 

41,  2  1  42,  5 

43,7 

6.     0 

6.     0 

30,0 

81,3 

32,5 

33,8 

35,  0  ;  36,  3 

37,5 

38,8 

40,    0 

41,  3     42,  5 

43,8 

VOL.  II. 


z  % 


(     S54     ) 


TABLE  XXXVni.  Continued. 


Apptrent  Time 

after  Noon 

or  Midnight. 

Second  DifFerence  of  the  Moon's  Place. 

6  Minutes. 

7  Minutes. 

0' 

10" 

20" 

30' 

40" 

50" 

0" 

10" 

20" 

30" 

40" 

50" 

n»    m[» 

II. M. 

12.     0 

*t 

It 

// 

It 

// 

// 

// 

ti 

/* 

ti 

ti 

tt 

0.     0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.  10 

11.  50 

2,5 

2,5 

%^ 

2,7 

2,7 

2,8 

2.9 

2.9 

3,0 

3,1 

3,2 

3,2 

0.  20 

11.  40 

4,9 

5,0 

5,1 

5.3 

5,4 

5,5 

5,7 

5.8 

5,9 

6  1 

6,2 

6,3 

0.  SO 

11.  30 

7,2 

7,4 

7,6 

7,8 

8,0 

8,2 

8.4 

8,6 

8,8 

9  0 

9,2 

9.4 

0.  40 

11.  20 

9,4 

9,7 

10,0 

10,2 

10.5 

10,8 

11,0 

11,3 

11,5 

11,8 

12,1 

12,3 

0.  50 

11.  10 

11,6 

12,0 

12,3 

12,6 

12,9 

13,2 

13,6 

13,9 

14,2 

14,5 

14,9 

15,2 

1.     0 

11.     0 

13,8 

14,1 

14,5 

14,9 

15,3 

15,7 

16.0 

16,4 

16,8 

17,2 

17,6 

18,0 

1.  10 

10.  50 

15,8 

16,2 

16,7 

17,1 

17,6 

18,0 

18,4 

18,9 

19,3 

19.7 

20,2 

20,6 

1.  20 

10.  40 

17,8 

18,3 

18,8 

19,3 

19,8 

'2,0  2 

20,7 

21,2 

21,7 

22,2 

22,7 

23,2 

1.  30 

10    30 

19,7 

20.2 

20,8 

21,3 

21,9 

22,4 

23,0 

2.3, 5 

24,1 

24.6 

25,2 

25,7 

1.  40 

10.  20 

21,5 

22,1 

22,7 

23,3 

23,9 

24  5 

25,  r 

25,7 

26,3 

26,9 

27,5 

28,1 

1.  50 

10.  10 

23,3 

23,9 

24,6 

25,2 

25,9 

26,5 

27,2 

27,8 

28,5 

29,1 

29,8 

30,4 

2.     0 

10.     0 

25,0 

25,7 

26,4 

27,1 

27.8 

28,5 

29, 2 

29,9 

30,6 

31. 3 

31,9 

32,6 

2.  10 

9.  50 

26,6 

27,4 

28,1 

28,9 

29,6 

30,3 

31,1 

31,8 

32,6 

S3  S 

34,0 

34,8 

2.  20 

9.  40 

28.2 

29,0 

29,8 

30,5 

31,3 

32.1 

32,9 

33,7 

34,5 

S5,2 

36,0 

36,8 

2.  80 

9.  SO 

29,7 

30,5 

31,3 

32,2 

33  0 

33,8 

34,6 

35, 5 

36,  y 

37,1 

37,9 

38,8 

2.  40 

9.  20 

31,1 

32,0 

32,8 

33,7 

34  6 

35,4 

36,3 

37,2 

38,0 

38,9 

39,8 

40,6 

2.  50 

9.  10 

32.5 

33,4 

34,3 

35,2 

36,1 

37,0 

37,9 

38,8 
40,  3 

39,7 

40,6 

41.5 

42;  4 

3.     0 

9.     0 

S3,  8 

34.7 

7^5,^ 

36.6 

37,5 

38.4 

39.4 

41,3 

42,2 

43,  1 

44,1 

3L  10 

8.  50 

35,0 

35,9 

36,9 

37,  9 

38,9 

39,8 

40.8 

41,8 

42,  7 

43,7 

44,7 

45,6 

3.  20 

8.  40 

36,1 

37,1 

38,1 

39  1 

40,1 

41.  1 

42,1 

43,  1 

44,1 

45.1 

46,  1 

47,1 

3.  30 

8.  30 

37,2 

38.2 

39.3 

40.  3 

41,3 

42, 4 

43,  4 

44,4 

45. 5 

46  5 

47,5 

48,6 

3.  40 

8.  20 1 

38,2 

39.3 

40,3 

41,4 

42. 4 

43,  5 

44,6 

4.3, 6 

4-6,  7 

47,7 

48,8 

49,9 

3.  50 

8.  10 
8.     0 

39,1 

40,2 

41,3 

42,4 

43,5 

44.  G 

45,  7 
4^;.  7 

46,7 
47,8 

47,8 

48,9 

50,0 

51,1 

4.     0 

40,0 

41,1 

42,2 

43,3 

44,4 

45  G 

48,9 

50,0 

51.  1 

52,2 

4.  10 

7.  50 

40,8 

41,9 

43,  1 

4-4,  2 

45,  3      46, 5 

47.  (> 

i-^,7 

49,9 

51,0 

52,1 

53,3 

4.  20 

7.  40 

41,5 

42,7 

43,  8 

45,0 

4(;,  1 

47  3 

4S,4 

1-9, 6 

50,  8 

51,9 

53,1 

54.2 

4.  SO 

7.  30 

42,2 

43,4 

44.  5 

45,  7 

AG  A) 

48,0 

49,2 

50, 4 

5\,6 

52,  7 

53.9 

55,  1 

4.  40 

7.  20 

42.8 

44,0 

45.  2 

46,3 

47,  5 

48,7 

49,9 

51,1 

52,  3 

53,  5 

54.7 

55,8 

«0 

7.  10 

43, 3 

44  5 

45.7 

46,9 

48.1 

49,3 

50, 5 

51,7 
52,  3 

52,  9 

54,1 

55,3 

5^,5 

7.    0 

43,8 

45,0 

46,2 

47.4 

48,6 

49, 8 

51,0 

53.  5 

54.7 

55,9 

57,1 

6.  50 

44,1 

45,4 

46,6 

47,8 

4J^.0 

50. 3 

51.5 

53, 9 

55,  2 

56,4 

57,6 

5.  40 

4-1-,  4 

45.  7 

46.9 

48.  1 

49.4 

50,6 

51,9 

54,  3 

55,6 

56,^ 

58,0 

5.  30 

44,7 

45,  9 

47,2 

48.  4 

49.  7 

5i),  i) 

52,  1 

53,  4 

54,  6 

55,9 

57,1 

58.3 

6.  20 

44,9 

46,  I 

47,  4 

48,6 

49.8 

51,1 

52,  3 

.'3,  6 

&l  8 

56,  I 

57.3 

5'^,6 

1 

6.  10 

4.3,0 

46,  2 
4(),  3 

47, 5 

48,7 
48,  8 

50,0 

51/2  i 

52,5 
52,  5 

53,7 

55,  0 
55,  0 

56,  2 

57,  5 

58,7 

6.     0 

45,  0 

4/,  o 

50,0 

51,3 

53,8 

56,  3 

57,5 

58,8 

(  .335     ) 


TABLE  XXX VII  I.     Continued. 


_  1 

Second  Difference  of  the  Moon's  Place. 

• 

Apparent  iime 
alter  Noon 
or  Midnight.        > 

8  Minutes.                            | 

■ 

9  Minutes. 

0" 

10" 

20" 

30" 

40' 

50" 

0" 

10" 

20" 

SO" 

40" 

50" 

i 

1 

// 

II 

/' 

II 

// 

II 

II 

II 

II 

01 

II 

t 

0.     0 

12.     o|     0, 0       0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0.  10 

11.  50| 

3,3 

8,4 

3,4 

S,5 

3,6 

3,6 

3,7 

3,8 

3,8 

3,9 

4,0 

4,0^ 

0.  20  ] 

11.  40 

6,5 

6,6 

6,8 

6,9 

7,0 

7,2 

7,3 

7,4 

7,6 

7,7 

7,8 

8,0  ' 

0.  30 

11.  30 

9,6 

9,8 

10,0 

10,2 

10,4 

10,6 

10,8 

11,0 

11,2 

11,4 

11,6 

11,8 

0.  40 

11.  20  ' 

12,6 

12,9 

13,1 

13,4 

13,6 

13,9 

14,2 

14,4 

14,7 

15,0 

15,2 

15,5 

0.  50 

11.    10  ': 

i 

15,5 

15,8 

16,2 

16,5 

16,8 

17,1 

17,4 

17,8 

18,  1 

18,4 

18,7 

19,1   . 

1.     0 

11.     0 

18,3 

18,7 

19,1 

19,5 

19,9 

20,2 

20,6 

21,0 

21,4 

21,8 

22,2 

22,5  , 

1.  10 

10.  50 

21,1 

21,5 

21,9 

22,4 

22,8 

23,3 

23,7 

24,  1 

24,6 

25,0 

25,5 

25,9  , 
29,1 

1.  20 

10.  40 

23,7 

24,2 

24,7 

25,2 

25,7 

26,2 

26,7 

27,2 

27,7 

28,  1 

28,6 

1.  30 

10.  30 

26,3 

26,8 

27,3 

27,9 

28,4 

29,0 

29,5 

30,1 

80,6 

31,2 

31,7 

82,3 

1.  40 

10.  20 

28,7 

29,3 

29,9 

30,5 

31,1 

31,7 

32,3 

32,9 

33,5 

34,1 

34,7 

35,3 

1.  50 

10.  10 

31,1 

31,7 

32,4 

33,0 

33,7 

34,3 

34,9 

35,6 

36,2 

86,9 

37,5 

38,2 

2.     0 

10.     0 

33,3 

84,0 

34,7 

35,4 

36,  1 

36,8 

37,5 

38,2 

38,9 

39,6 

40,3 

41,0 

2.  10 

9.  50 

35,5 

36,2 

37,0 

37,7 

38,5 

39,2 

39,9 

40,7 

41,4 

42,2 

42,9 

43,6 

2.  20 

9.  40 

37,6 

38,4 

39,2 

39,9 

4<),  7 

41,5 

42,  3     43,  1 

43,9 

44,6 

45,4 

46,2 

2.  30 

9.  30 
9.  20 

39,6 

40,4 

41,2 

42,1 

42,9 

43,7 

44,5 

45,4 

46,2 

47,0 

47,8 

48,7 
51,0 
53,2 

2.  40 

41,  S  1  42,  3 

43,2 

44,1 

44,9 

45,8 

46,7 

47,5 

48,4 

49,3 

50,  1 

2.  50 

9.  10 

43,8 

44, 2     45, 1 

46,0 

46,9 

47,8 

48,7 

49,6 

50,5 

51,4 
53,4 

52,3 

3.     0 

9.     0 

45,0 

45,9 

46,9 

47,8 

48,8 

49,7 

50,6 

51,6 

52,5 

54,  4 

55,  S 

3.  10 

8.  50 

46,6 

47,6 

48,6 

49,5 

50,  5 

51,5 

52,4 

53,4 

54,4 

55,4 

56,3 

51,  S 

3.  20 

8.  40 

48,  1 

49,2 

50,2 

51,2 

52,2 

53,2 

54,2 

55,2 

56,2 

57,2 

58,2 

59,2 

3.  30 

8.  50 

49,6 

50,6 

51,6 

52,7 

53,7 

51.,  7 

55,8 

56,8 

57,8 

58,9 

59,9 

60,9 

3.  40 

8.  20 

50,9 

52,0 

53,0 

54,1 

55,2 

56,2 

57,3 

58,4 

59,4 

60,5 

61,5 

62,6 

3.  50 

8.  10 

52.2 

53,3 

54,3 

55,4 

56,5 

57,6 

58,7 

59,8 

60,9 

62,0 

63,0 

64,1 

4.     0 

8.     0 

53,3 

54,4 

55,6 

56.7 

51,  S 

58,9 

60,0 

61,  1 

62,2 

63,3 

64,4 

65,6 

4.  10    7.  50 

54,4 

5S,5 

56,1 

57,8 

5S,  9 

60,  1 

61,2 

62,3 

63,5 

64,6 

6.5,7 

66,9 

4.  20    7.  40 

55,4 

56,5 

51,1 

58,8 

60,0 

61,1 

62,3 

6:^4 

6K  6 

65,  8 

66,9 

68,  1 

4.  30 

7.  30 

56,3 

57,4 

58,6 

59,8 

60,  9  !  62,  1 

63,3 

61,  5  j  6.5,  6 

66,8 

68,0 

69,1 

4.  40 

7.  20 

57,  0  'i  58, 2 

59,4 

60,6 

61,8 

63,0 

64,2 

65,4 

66,5 

67,7 

68,9 

70,1 

4.  50 

7.  10 

57,7 

58, 9     60, 1 

61,3 

62,  5 

63,7 

64,9 

66,2 

67,4 

68,6 

69,8 

71,0 
71,7 

5.     0 

7.     0 

58,3 

59,5 

60,8 

62,0 

G3,  2 

64,  4 

65,6 

66.  S 

68,1 

69,3 

70,5 

5.   10 

6.  50 

58,8 

60,1. 

61,3 

62,5 

63.  7 

6,5,0 

66,  2 

67,4 

68,6 

69,9 

71,1 

72,  3 

5.  £0 

6.  40 

59,3 

60,5 

61,7 

63,0 

64,2 

6.5,4 

66,7 

67,9 

69,  1 

70,4 

71,6 

72,  8 

5.  30 

6.  SO 

59,6 

60,8 

62,1 

63,3 

64,  5 

65,  8 

67,0 

68,3 

69,5 

70,8 

72,0 

73,2 

5.  40 

6.  20 

59,8 

61,1 

62,3 

68,6 

64,8 

66,0 

67,3 

68,5 

69,  8 

71,0 

72,3 

73,5 

5.  50 

6.  10 

50,0 

61,2 

62,5 

03,7 

64,9 

66,2 

67,4 

68,7 

69,9 

71,2 
71,  3 

72,  4 

73,7 

6.     € 

6.     0 

1  60,0 

61,3 

62,5 

63,8 

65,0 

66,3 

67,5 

68,  8     70,  0 

72,5 

73,8 
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TABLE  XXXVIII.    Continued. 


Apparent  Time 

Second  Difference  of  the  Moon's  Place. 

1 

•fter  Noon 

10  Minutes . 

1 1  Minutes. 

12  Mid 

or  Midnight. 

1 

0" 

10" 

20" 

30" 

40'       50' 

0" 

10" 

20" 

30" 

40 "     1  SKC 

0" 

H.       M. 

H.     M. 

ti 

// 

// 

</ 

ft 

// 

// 

10 

// 

II 

II 

II 

II 

0.      0 

12.     0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

Q»0 

0,0 

0.  10 

11.  50 

4,1 

4,2 

4,2 

4,3 

4,4 

4,5 

4,5 

4,6 

4,7 

4,7 

4,8 

4,9 

4,9 

0.  m 

11.  40 

8,1 

8,2 

8,4 

8,5 

8,6 

8,8 

8,9 

9,0 

9,2 

9,3 

9,5 

9,6 

9,7 

0.  80 

11.  30 

12,0 

12,2 

12,4 

12,6 

12,8 

13,0 

13,2 

13,4 

13,6 

13,8 

14,0 

14,2 

14,4 

0.  40 

11.  20 

15,7 

16,0 

16,3 

16,5 

16,8 

17,1 

17,3 

17,6 

17,8 

18,1 

18,4 

18,G 

18,9 

0   50 

11.  10 

19,4 

19,7 

20,0 

20,4 

20,7 

21,0 

21,3 

21,6 

22, 0 

22,3 

22,6 

22,9 

23,3 

1.     0 

11.     0 

22,9 

23,3 

23,7 

24,1 

21.,  4 

2t,8 

25,  2 

25,6 

26,0 

26,4 

26,7 

27,1 

27,5 

1.  10 

10.  50 

26,3 

26,8 

27,2 

27,6 

28,1 

28,5 

29,0 

29, 4 

29,8 

30,3 

30,7 

SI,  2 

31,6 

1.  20 

10.  40 

29,6 

30,1 

30,6 

31,1 

31,6 

32,1 

32,6 

33, 1 

33,6 

34,1 

34.6 

S5,l 

35,6 

1.  so 

10.  30 

32,8 

33,4 

33,9 

34,5 

35,0 

35,5 

36,1 

36,6 

37,2 

37,7 

38.3 

S8,8 

3%4 

1.  40 

10.  20 

35,9 

36,5 

37,1 

37,7 

38,3 

38,9 

39,5 

40,1 

40,7 

41,3 

41,9 

42,5 

43,1 

1.  50 

10.  10 

38,8 

39,5 

40,1 

40,8 

41,4 

42,1 

42,7 

43,4 

44,0 

44,7 

45,3 

46,0 

46,6 

2.     0 

0.     0 

41,7 

42,4 

43,1 

43,8 

44,4 

4.5,1 

45,8 

46,5 

47,2 

47,9 

48,6 

49,S 

50,0 

2.  10 

9.  50 

44,4 

45,1 

45,9 

46,6 

47,3 

48,1 

48,8 

49,6 

50,3 

S\,0 

51,8 

52,  S 

53,3 

2.  20 

9.  40 

47,0 

47,8 

48,6 

49,3 

50,1 

50,9 

51,7 

52,5 

53,3 

54,0 

54,8 

55,6 

56,4 

2.  30 

9.  30 

49,5 

50,3 

51,1 

52,0 

52,8 

53,6 

54,4 

55,3 

56,1 

56,9 

57,7 

58,6 

59,4 

2.  40 

9.  20 

51,9 

52,7 

53,6 

54,4 

55,3 

56,2 

57,0 

57,9 

58,8 

59,6 

60,5 

61,4 

62,2 

2.  50 

9.  10 

54,1 

55,0 

55,9 

56,8 

57,7 

58,6 

59,5 

60,4 

61,3 

62,2 

63,1 

64,0 

64,9 

3.    0 

9.     0 

56,3 

57,2 

58,1 

59,1 

60,0 

60,9 

61,9 

62,8 

63,8 

64,7 

%S,% 

66,6 

67,5 

3.  10 

8.  50 

58,3 

59,2 

60,2 

61,2 

62,2 

63,1 

64,1 

65,1 

66,0 

67,9 

68,0 

69,0 

69,9 

3.  20 

8.  40 

60,2 

61,2 

62,2 

63,2 

64, 2 

65, 2 

66,2 

67, 2 

68,2 

69,2 

70,2 

71,2 

72,2 

3,  30 

8.  30 

62,0 

63,0 

64,0 

65,1 

66,1 

67.1 

68,2 

69,2 

70,2 

71,3 

72,3 

73,  S 

74,4 

3.  40 

8.  20 

63,7 

64,7 

65,8 

66,8 

67,9 

69,0 

70,0 

71,1 

72,1 

73,2 

74,3 

75,3 

76,4 

3.  50 

8.  10 

65,2 

6^,3 

67,4 

68,5 

69,6 

70,7 

71,7 

72,8 
74,4 

73,9 

75,0 

76,1 

77,2 

78,3 

4.     0 

8.     0 

66,7 

67.8 

68,9 

70,0 

71,1 

72,2 

73,3 

/a,  6 

76,7 

77,8 

78,9 

80,0 

4.  10 

7.  50 

68,0 

69,1 

70,3 

71,4 

72,5 

73,7 

74,8 

75,9 

77,1 

78,2 

79,3 

80,5 

81,6 

4.  20 

7.  40 

69,2 

70,4 

71,5 

72,7 

73,8 

75,0 

76,1 

77,3 

78,4 

79,6 

80,7 

81,9 

83,1 

4.  30 

7.  30 

70,3 

71,5 

72,7 

73,8 

75,0 

76,2 

77,3 

78,5 

79,7 

80,9 

82,0 

83,2 

84,4 

4.  4() 

7.  20 

71,3 

72,5 

73,7 

74,9 

76,0 

77,2 

78,4 

79,6 

80,8 

82,0 

83,2 

84,4 

85,6 

4.  50 

7.  10 

72,2 

73,4 

74,6 
75,3 

75,8 

77,0 

78,2 
79,0 

79,4 

80,7 

81,8 

83,0 
83,9 

84,2 

85,4 

86,6 

5.     0 

7.    r 

72,9 

74,1 

76,6 

77,8 

80,2 

81,4 

82,6 

85,1 

86,3 

87.5 

5.  10 

6.  50 

73,6 

74,8 

76,0 

77,2 

78,5 

79,7 

80,9 

82,1 

83,4 

84,6 

85,8 

87,0 

88,3 

5.  20 

6.   10 

74.1 

75,3 

76,5 

77,8 

79,0 

.'0, 2 

81,5 

82,7 

84,0 

85,2 

86,4 

87,7 

88.9 

5.  30 

6    30 

,  74,5 

75.7 

77,0 

78,2 

79,4 

80,7 

81,9 

83,2 

84,4 

85,7 

86,9 

88,1 

i  89,4 

5.  40 

6.  20 

74,8 

76,  1 

77,3 

78,5 

79,8 

81,0 

82,2 

83,5 

84,7 

86,0 

87,2 

88,5 

:  89,7 

5.  50 

6.  0 

6.  1(; 
6.     0 

:    74,9 

7.-,  0 

76,2 

77,4 
77,5 

78,7 
78,8 

79,9 

81,2 

82, 4 

83,7 

84,  9 

86,2 

87,4 

87,5 

88,7 
88,8 

89,9 
'    90,0 

76,3 

80,0 

81,3 

82,5 

83,8 

85,0 

8(),  3 
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TABLE  XXXIX. 

llie  Equation  of  Second  Difference ^  use ful  for  interpolating  t fie  Moon's  Dis- 
tances fom  tfie  Sun  and  Stars j  for  every  third  Hour  between  those  computed  at 
Noon  and  Midnightyfor  the  Use  of  the  Nautical  Ephemeris. 


Second 

Equation 

i 

Equation 

Second 

Equation 

Equation 

Second 

Equation 

Equation 

Difference. 

3^. and  ^b. 

ac  (ib, 

1 

1 

Difference. 

at 
lb.  and  9^. 

at  tb. 

Difference. 

at 
3i&.  and  9^6, 

at6i. 

M.       8. 

1 

M.      S. 

9          •• 

/       // 

/       // 

4             •$ 

/       // 

/       // 

/       // 

0.       0 

0.     0,0 

0      0,0 

6      0 

0    33,8 

0.  45,0 

12.     0 

1.     7,5 

1.  30  0 

0.  10 

0     0.9 

0.     1.3 

6.  10 

0    34  7 

0   46,3 

12    10 

1.     8.4 

1.  31,3 

0.  20 

0.     1.9 

0.     2.5  : 

6    20 

0.  35  6 

0   47.5 

12.  20 

1.     9.4 

1.  32,5 

0   SO 

0     2,8 

0.     3,8 

6    30 

0    ?»^^ 

0.  48.8 

12    30 

1    10,3 

1.  33,8 

0.  40 

0.     3,8 

0.     5,0 

6.  40 

0   37.5 

0   50  0 

12    40 

1.  11.3 

1.  35,0 

0.  50 

0.     4,7 

0.     6,3 

6.  50 

0.  38,4 
0    39,4 

0   51,3 

12.  50 

1.  12,2 

1.  36,3 

1.     0 

0.     5J^ 

0.     7.5 

7.     0 

0.  S%b 

13.     0 

1.  131 

1.  37,5 

1.  10 

0     ^fy 

0.     8,8 

7.  10 

0    4<),3 

0.  53.8 

13.  10 

1.  14,i 

1.  38,8 

1.  20 

0.     7,5 

0    10,0 

7    20 

0    41,3 

0.  55,0 

13.  20 

1.  15.0 

1.  40,0 

1.  30 

0.     8  4 

0.  11.3 

7.  .SO 

0    4J,2 

0.  56  3 

13.  30 

1.  159 

1.  41.3 

1.  40 

0.     9,4 

0.  12  5 

7.  40 

0   43,1 

0.  57,5 

13.  40 

1.   16,9 

1.  42,5 

1.  50 

0.  10,3 

0.  13,8 

7.  50 

0.  44,1 
0.  45.0 

Q.  58,8  i 

13.  50 

1.  17,8 

1    43,8 

2.     0 

0    11,3 

0    150  j 

8.     0 

1.    0.0  : 

14.     0 

1.  18,8 

1.  45,0 

2.  10 

0.  12  2 

0    16.3 

8.  10 

0.  45.9 

1.     1,3  1 

14.  10 

1.  19,7 

1.  46,3 

2.  20 

0.  13  1 

0. 17  5 ; 

8.  20 

0.  46  9 

1.     25 

14.  20 

1.  20,6 

1.  47,5 

2.  30 

0.  14  1 

0.  18  8 

8.  30 

0    47,8 

1.     3,8  : 

14-  30 

1.  21,6 

1.  48,8 

2.  40 

0.  15,0 

0.  20,0 

8.  40 

0   48,8 

1.     5.0 

14.  40 

1.  22,5 

1.  50,0 

2.  50 

0.  15,9 

0.  21,3 

8.  50 

0    49,7 

1.     6,3 

1 

14    50 

1.  23.4 

1.  51,3 

3.     0 

0    16,9 

0.  22,5 

9     0 

0.  50  6 

1.  7.5 ; 

15.     0 

1.  244 

1.  52,5 

3.  10 

0.  17,8 

0.  23.8  i 

9    10 

0.  51,6 

1.     8,9 

15.   10 

1.  25,3 

1.  53,8 

3    20 

0.  18.8 

0.  25.0 

9    20 

0.  52,5 

1.  100  ; 

15.  20 

1.  26,3 

1.  55,0 

3.  30 

0.  19,7 

0.  26,3 ; 

9    30 

0.  53,4 

1    11.3  i 

15.  30 

1    27,2 

1.  56  3 

3.  40 

0.  20,6 

0.  27,5 

9.  40 

0   54  4 

1.  125 

15    40 

1.  28,1 

1    57,5 

3.  50 

0.  21,6 

0.  28,8 

9   50 

0.  55,3 

1.  13,8 

1.5.  50 

1.  29.1 

1    58,8 

4.     0 

0   22,5 

0.  300  \ 

10.     0 

0.  56.3 

1.  15,0 

16.     0 

1.  30,0 

2.     0,0 

4.  10 

0.  23,4 

0.  31.3 

10    10 

0   57,2 

1    16,3 

16.  10 

1.  30.9 

2.     1,3 

4.  20 

0   24,4 

0.  32,5 

10    20 

0.  58  1 

1    17,5 

16.  20 

1.  31,9 

2.     2,5 

4    30 

0.  25  3 

0.  33,8 

10    30 

0.  59,1 

1.  18  8 

16.  30 

1    32,8 

2.     3.8 

4    40 

0   26  3 

0.  35.0 

10.  40 

1.     0.0 

1.  20,0 

16.  40 

1    33,8 

2.     5,0 

4.  50 

0.  27,2 

0.  36,3 

10.  50 

1.     09 

1.  21,3 

16    50 

1.  34  7 

2.     6,3 

5.     0 

0.  28,1 

0.  37,5 

11.     0 

1.     1.9 

1.  22.5 

17      0 

1.  35  6 

2     75 

5.  10 

0.  29,1 

0.  38,8 

11.  10 

1.     2.8 

1.  23.8 

17.   10 

1.  m& 

2     8,8 

5    20 

0    30,0 

0.  400 

11.  20 

1.     3,8 

1.  25,0 

17.  20 

1    37.5 

2.  10,0 

5.  30 

0   309 

0.  41.3 

11.  30 

1.     47 

1    26  3 

17.  30 

1.  38,4 

2    11,3 

5.  40 

0    319 

0.  42.5 

11.  40 

1.     5J^ 

1.  27  5 

17    40 

1    39,4 

2    12,5 

5.  50 

0.  32,8 
0.  33,8 

0   43,8 

0.  45,0 

« 

11    50 

1.     6,6 

1.  28.8 

17    50 

1.  40,3 

2    13,8 

6.     0 

12.     0 

1.     7,5 

1.  30,0 

1^.     0 

1.  41,3 

2.  15,0 

-7 
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TABLE  XXXIK.    Continued. 


Second 

Equation 

EquntioQ 

Second 

Equation 
at 

Equation 

Second 

Equation 
at 

Equation 

DiffCTtntrc. 

3^.  and  9^. 

at  6b, 

Difference. 

^b.  and  9^. 

at  6b,       \ 

1 
1 

1 

Difference. 

3^.  and  ^b. 

at  6^. 

• 

M       S. 

/     // 

/      // 

M.     S. 

/       // 

1 
/        // 

M.    S. 

t      II 

#       // 

18.      0 

1.  41,3 

2.   15,0 

24.       0 

2.   15,0 

3.     0,0 

30.      0 

2.  48,8 

3.  45,0 

18.    10 

1.  42,2 

2.   16,3 

24.    10 

2.   15.9 

3.     1,3 

30.    10 

2.  49,7 

3.  46,3 

18.    20 

1.  43,1 

2.   17,5 

24.    20 

2.   16,9 

3.     2,5 

30.    20 

2.  50,6 

3.  47,5 

18.    30 

1.  44,1 

2.   18,8 

24.    30 

2.  17,8 

3.     3,8 

30.    30 

2.  51,6 

3.  4S,8 

18.    40 

1.  45,0 

2.  20,0 

24.    40 

2.  18,8 

3.     5,0 

30.   40      2.  52,5 

3.  50,0 

18.    50 

1.  45,9 

2.  21,3 

24.    50 

2.   19  J 

3.     6,3 

30.    50      2.  53,4 

3.  51,3 

19.    0 

1.  46,9 

2.  22,5 

25.      0 

2.  20,6 

3.     7,5 

31.      0 

2.  54,4 

3.  52,5 

ly.   10 

1.  47,8 

2.  23,8 

25.    10 

2.  21,6 

3.     8,8 

i  31.    10 

2.  55,3 

3.  53,8 

19.  20 

I.  48,8 

2.  25,0 

25.    20 

2.  22,5 

3.  10,0 

31.    20 

2.  56,3 

3.  55,0 

19.   30 

1.  49,7 

2.  26.3 

25.    30 

2.  23,4 

3.  11,3 

31.   30 

2.  57,2 

3,  56,3 

19.  *o 

1.  50,6 

2.  27,5 

25.   40 

2.  24,4 

3.  12,5 

31.   40 

2.  58,1 

3.  b7fi 

19.    50 

1.  51,6' 

2.  28,8 

25.    50 

2.  25,3 

3.  13,8 

,  31.    50 

2.  59,1 

3.  58,8 

20.      0 

1.  52,5 

2.  3a,o 

26.    0 

2.  26,3 

3.  15,0 

32.      0 

3.     0,0 

4.     0,0 

20.    10 

I.  53,4 

2.  31,3 

26.    10 

2.  27,2 

3.  16,3 

32.    10 

3.    .0,9 

4.              \yZ 

20.    20 

1.  54,4 

2.  32,5 

26.   20 

2.  ^8,1 

3.   17,5 

32.    20 

3.     1,9 

4.     2,5 

20.   30 

1.  55,3 

2.  33,8 

26.   30 

2.  29,1 

3.   18,8 

32.   30 

3.     2,8 

4.     3,8 

20.   40 

1.  56,3 

2.  35,0 

26.   40 

2.  30,0 

3.  -20,0 

32.   40 

3.     3,8      4.     5,0  1 

3.     4,7      4."   6,3  I 

.  1 

20.   60 

1.  57,2 

2.  36,3 

26.   50 

2.  80,9      3.  21,3 

32.    50 

21.      0 

1.  58,1 

2.  37y5 

27.    0 

2.  31,9 

3.  22,5 

:  33.     0 

3.     bfi 

4.     7,5 

21.    10 

1.  59,1 

2.  38,8 

27.    10      2.  32,8 

3.  23,8 

33.    10 

3.     Q,6 

4.     8,8 

21.    20 

2.     0,0 

2.  40,0 

27.    20 

2.  33,8 

3.  25,0 

.  33.    20 

3.     7,5 

4.   10,0 

21.   30 

2.     0,9 

2.  41,3 

27^   30 

2.  34,7 

3.  26,3 

33.    30 

3.      8,4 

4.   11,3 

21.   40 

2.     1,9 

2.  42,5 

27.   40 

2.  35,6 

3.  27,5 

;  33.    40 

3.     9,4 

4.   12,5 

21.    50 

2.     2,8 

2.  43,8 

27.   50 

2.  36,6 

3.  28,8 

!  33.    50 

3.    10,3 

4.    13,8 

22.      0 

2.     3,8 

2.  45,0 

28.      0 

2.  37,5 

3.  30,0 

34.     0 

3.   11,3 

4.    15,0 

22.    10 

2.     4J 

2.  46,3 

28.    10 

2.  38,4 

3.  31,3 

34.    10 

3.   12,2 

4.   16,3 

22.    20 

2.     5,6 

2.  47,5 

28.    20 

2.  39,4 

3.  32,5 

34.   20 

3.   13,1 

4.  17,5 

22.   30 

2.     6.6 

2.  48,8 

28.   30 

2.  40,3 

3.  33,8 

j  34.   30 

3.   14,1 

4.   18,8 

22.   40 

2.     7.5 

2.  50,0 

28.   40 

2.  41,3 

3.  35,0 

34.   40 

3.   15,0 

4.  20,0 

22.    30 

2.     8,4 

2.  51,3 

28.   50 

2.  42,2 

3.  36,3 

34.    50 

3.   15,9 

4.  21,3 

23.      0 

2.     9.4 

2.  52,5 

29.    0 

2.  43,1 

3.  37,5 

35.      0 

3.   16,9 

4.  22,5 

23.    10 

2.   10,3 

2.  53,8 

29.   10 

2.  44,1 

3.  3S,8 

35.    10 

3.   17,8 

4.  23,8 

23.    20 

2.   11,3 

2.  55,0 

29.   20 

2.  45,0 

3.  40,0 

35.   20 

3.   18,8 

4.  25,0 

23.    30 

2.  12,2 

2.  56,3 

29.   30 

2.  45.9 

3.  41,3 

35.   30 

3.    19,7 

4.  26,3 

^M.      40 

2.   13,1 

2.  57,5 

29.   40 

2.  4()\9 

3.  42,5 

3o,   40 

3.  20,6 

4.  27,5 

23.    50 

2.   14,1 

2.  5S,^ 

29.    50 

2.  47,8 

3.  43,8 

35,    50 

3.  21,6 

4.  28,8 

24.      0 

2.    15,0 

3.     0,0 

30.      0 

2.  48,8 

3.  45,0 

36.     0      3.  22,5 

4.  30,0 
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TABLE  XXXIX.    Continued* 


Second 

Equation. 

Equation 

Second 

Equation 

Equation 

Difference. 

at  3^.  and  9^. 

at  6^. 

Difference. 

at  2,h,  and  9^. 

at  tb. 

M. 

s. 

M 

s. 

/       /# 

/     // 

/        a 

1       II 

36. 

0 

3.  22.5 

4.  30,  0 

42 

0 

3.    5^,  3 

5.  15,  0 

36. 

ID 

3.  23,  4 

4.  31,  3 

42. 

10 

3.  57,  2 

5.  16,  3 

36. 

20 

3.  24,  4 

4.  32,  5 

42. 

20 

3.  58,  1 

5.  17,  5 

36. 

30 

3.  25,  3 

4.  33,  8 

42. 

30 

3.  59,  1 

5.  18.  8 

36. 

40 

3.  26.  3 

4.  35,  0 

42. 

40 

4.     0,0 

5.  20,  0 

36. 

50 

3.  27,2 

4.  36,  3 

42. 

50 

4.     0,9 

5.  21.3 

37. 

0 

3.  28,  1 

4.  87,  5 

43. 

0 

4.     1,9 

5.  22,  5 

37; 

10 

3.  29,  1 

4.  38,8 

43. 

10 

4.     2,8 

5    23,8 

37. 

20 

3.  SO,  0 

4.  40,0 

43 

20 

4.     3,8 

5.  25,  0 

37. 

'30 

3.  30,  9 

4.  41,3 

43. 

30 

4.     4,7 

5.  26,  3 

37. 

40 

3.  31,  9 

'4.  42,5 

43. 

40 

4.     5,6 

5.  27.  5 

37. 

50 

3.  32,  8 

4.  43,8 

43. 

50 

4.     6,6 

5.  28,  8 

38. 

0 

3.  33,  8 

4.  45,  0 

44. 

0 

4.     7,5 

5.  30,  0 

38. 

10 

3.  34,  7 

4.  46,  3 

44. 

10 

4.     8,4 

5.  31,  3 

38. 

20 

3.  35,  6 

4.  47,  5 

44. 

20 

4.     9,  4 

5.  32,  5 

38. 

30 

3.  36.  6 

4.  48,  8 

44. 

SO 

4.  10,3 

5.  33,  8 

38. 

40 

3.  37,  5 

4.  50,  0 

44. 

40 

4.  11,3 

5.  35,  0 

38. 

50 

3.  38,  4 

4.  51,3 

44. 

50 

4.  12,2 

5.  36,  3 

39. 

0 

3.  39,  4 

4.  52,  5 

45; 

0 

4.  13,  1 

5.  37.  5 

39. 

10 

3.  40,  3 

4    53,  8 

45. 

10 

4.  14,  1 

5.  38,  8 

39. 

20 

3.  41.  3 

4.  55,  0 

45. 

20 

4.   15,0 

5.  40,  0 

39. 

30 

3.  42.  2 

4.  56,  3 

45. 

30 

4.  \5.  9 

5.  41,  3 

39. 

40 

3.  43,  1 

4.  .57.  5 

45. 

40 

4.  16,9 

5.  42,  5 

39 

50 

3,  41-,  1 

4.  58,  8 

45. 

50 

4.  17,8 

5.  43,  8 

40. 

0 

:i.  45  0 

5.     0.0 

46. 

0 

4.  18,  8 

5.  45,  0 

40. 

10 

3.  45.  9 

5.     1,  3 

46. 

10 

4    19,7 

5.  46,  3 

40. 

20 

5  4^),  9 

5.     2.5 

46. 

20 

4.  20,  6 

5.  47.  5 

40. 

30 

3.  47,  8 

5.     3,  8 

46. 

30 

4.  21.6 

5.  48.  8 

40. 

40 

3.  48,  8 

5.     5, 0 

46. 

40 

4.  22,  5 

5.  50  0 

40. 

50 

3.  49,  7 

5.  ^  6,  3      j 

46. 

50 

4.  23,  4      1 

5.  51,  3 

M. 

0 

3.  50,  6 

5.     7.  5 

47. 

0 

4.  24,  4 

5.  52,  5 

41. 

10 

.S.  51,6 

5.     8.  8      . 

47. 

10 

4    25,   5 

5.  .^3.  8 

41. 

20 

3.  52  5 

5    10.  a 

47. 

20 

4.  26.  3 

5  /;5.  0 

41. 

30 

3.  53.  4 

5.   113 

47. 

30 

4.   27.  2 

5.  ..6.  3 

41. 

40 

3.  .54.  4 

5.  12.  5      . 

47. 

40 

4,   28.  1 

5.  .'37,  5 

41. 

1 

CO 

o»    %JO )  *5 

5.   LS.  8      ' 

1 

47. 

50 

4.    2:'.  1 
r.  30,0 

5.  .;8.  8 

6.  0.0 

42. 

1 

0 

3.  56,  3 

5.  15,0      ! 

i 

48. 

0 

(     860     > 


TABLE  XXXIX.   Continued. 


Second 

Equation 

Equation 

Second 

Equation 

Equation 

Difference. 

at  3iS.  and  ^b. 

at  6L 

DtnKtence. 

at  3^.  and  ^. 

at  6h. 

M. 

s. 

1            M 

t         n 

M. 

«. 

i         t 

i     .   ti 

48. 

0 

4.  3ft  0 

6.    0,0 

5*. 

0 

•  5.     3,  o 

6.  45,0 

48. 

v> 

4.  aft  9 

6.     1,3 

54. 

10 

5.    4,7 

6.  46,3 

48. 

30 

4.  31,  9 

6.    2,5 

54. 

20 

5     5,6 

6.  47,  5 

48. 

30 

4.  32,  8 

6.    3,8 

54. 

30    . 

5.    6,6 

6.  48,8 

48. 

40 

4,  33,  8 

6.    5,0 

54. 

40 

5.    7,5 

6.  ift  0 

48. 

50 

4.  34,  7 

6.     6,3 

54. 

50 

5.     8, 4     . 

6.  51,3 

49. 

0 

4.  35,  6 

6.    7,5 

56. 

0 

5.     ft  4 

6.  52,5 

49. 

10 

4.  36,  6 

6.     8,8 

55, 

10 

5.  10,3 

6.  {13,  8 

49. 

20 

4.  37,  5 

6.  10,0 

55. 

20 

5.  11,3 

6.  £5,  0 

49. 

SO 

4.  38,  4 

6.  11,3 

55. 

30 

5.  12,2 

6.  ^6,3 

49. 

40 

4.  39,  4 

6.  12,5 

55. 

40 

5.  13,  1 

6.  S7,  5 

49. 

50 

4.  40,  3 

6.  13,  8 

55. 

50 

5.  14^1 

6.  is,% 

50. 

0 

4.  41,  3 

6.  15,  0 

56. 

0 

5.  15,0 

7.    ftO 

50. 

10 

4.  42,  2 

6.  16,  3 

56. 

10 

5.  15»9 

v.     1,3 

50. 

20 

4.  43,  1 

6.  17,  5 

56. 

20 

5.  1^^ 

1.    2,5 

50. 

30 

4.  44,  1 

6.  18,8 

56. 

30 

5.  17,  8     , 

7.     3,8 

5a 

40 

4.  45,  0 

6.  20,0 

56. 

40 

5.  18,8 

.7.    5, 0 

50. 

50 

4.  45,  9 

6.  21,3 

56. 

50 

5.  lftJ7 

7.    6,3 

51. 

0 

4.  46,  9 

6.  22,5 

57. 

0 

5.  20,6 

7.    7,5 

51. 

10 

4.  47,  8 

6.  23,  8 

57. 

10 

5.  21,  6 

7.    8,8 

51. 

20 

4.  48,  8 

6.  25,0 

57. 

20 

5.  22,5 

7.  10,0 

51. 

30 

4.  49,  7 

6.  26,  3 

57. 

30 

5.  23,4 

7.  11,3 

51. 

40 

4.  5ft  6 

a  27,5 

57. 

40 

5.  24,  4 

7.  12,  5 

51. 

50 

.    4.  51,  6 

6.  28,8 

57. 

50 

5.  25,3 

7.  13,8 

52. 

0 

4.  52,  5 

a  30,0 

58. 

0 

5.  26,3 

7.  15,0 

52. 

10 

4.  53,  4 

6.  31,3 

58. 

10 

5.  27,2 

7.  16,3 

52. 

20 

4.  54,  4 

6.  32,  5 

58. 

20 

5.  28,1 

7.  17,  5 

52. 

30 

4.  55,  3 

6.  33,  8 

58. 

30 

5.  29, 1 

7.  18,8 

52. 

40 

4.  56,  3 

6.  35,  0 

58. 

40 

5.  3ftO 

7.  20,0 

52. 

50 

4.  57,  2 

6.  36,  3 

58. 

50 

5.  30,9 

7.  21,  3 

53. 

0 

4.  58,  1 

6.  37,  5 

59. 

0 

5.  31,  9 

7,  22,5 

53. 

10 

4.  59,  1 

6.  38,  8 

59. 

10 

5.  32,  8 

7.  23,8 

53. 

20 

5.     0,  0 

6.  40,  0 

59. 

20 

5.  33,8 

7.  25,  0 

53. 

30 

5.     0,  9 

6.  41,  3 

59. 

30 

5.  34,7 

7.  26,3 

53. 

40 

5.     1,  9 

6.  42,  5 

59. 

40 

5.  35,  6 

7.  27,  5 

53. 

50 
0 

5.     2,  8 

6.  43,  8 

59. 

50 

5.  36,  6 

7.  28,  8 

54. 

4.     3,  8 

6.  45,  0 

60. 

0 

5.     37, 5 

7.  30,0 

(  Wl  ) 


TABLE  XL. 


Ikcimal  Parts  qf  a  Degree. 


Min. 

Dec. 

Min. 

1 1 1 1 

Dec. 

Sec. 

Dec. 

Sec. 

Dec. 

" 
1 

,01667 

'31 

,51667 

1 

,00028 

31 

,00861 

2 

,03333 

32 

,53333 

2 

,00056 

32 

,00889 

3 

,05000 

33 

^5000 

3 

,00083 

33 

,00917 

4 

,06667 

34 

,56667 

4 

,00111 

34 

,00944 

.  5 

,08333 

35 

,58333 

5 

,00138 

35 

,00972 

6 

,10000 

36 

,60000 

6 

,00167 

36 

,01000 

7 

,11667 

37 

,61667 

7 

,00194 

37 

,01028 

8 

,13333 

38 

,63333 

8 

,00222 

38 

,01056 

9 

,15000 

39 

,6,5000 

9 

,00250 

39 

,01083 

10 

,16667 

40 

fiemi 

10 

,00278 

40 

,01111 

11 

,18333 

41 

,68333 

11 

,00306 

41 

,01139 

12 

,20000 

42 

,70000 

12 

,00333 

42 

,01167 

13 

,21667 

43 

,71667 

13 

,00361 

43 

,01194 

14 

,23333 

44 

,73333 

14 

,00389 

44 

,01222 

15 

,25000 

45 

,75000 

15 

,00417 

45 

,01250 

16 

,26667 

46 

,76667 

16 

,00444 

46 

,01278 

17 

,28333 

47 

,78333 

17 

,00472 

47 

,01306 

18 

,30000 

48 

,80000 

18 

,00500 

48 

,01333 

19 

,31667 

49 

,81667 

19 

,00528 

49 

,01361 

20 

• 

,33333 

50 

,83333 

20 

,00556 

50 

,01389 

21 

,35000 

51 

,85000 

21 

,00583 

51 

,01417 

22 

,36667 

52 

,86667 

22 

,00611 

52 

,01444 

23 

,38333 

53 

,88333 

23 

,00639 

5S 

,01472 

24 

,40000 

54 

,90000 

24 

,00667 

54 

,01500 

25 

,41667 

55 

,91667 

25 

,00694 

55 

,01528 

26 

,43333 

K 

,93333 

26 

,00722 

56 

,01 5^ 

27 

,45000 

57 

,95000 

27 

,00750 

57 

,01583 

28 

,46667 

58 

,96667 

28 

,00778 

58 

,01611 

29 

,48333 

59 

,98383 

29 

,00605 

59 

,01639 

30 

.  .  .. 

,50000 

60 

!,00000 

30 

,00833 

60 

,01667 

YOL.    It. 


9a 
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TABLE  XLI. 
Equations  to  Equal  Altitudes.    Table  I. 


—             . 

Half  Interval  between  the  Observations. 

" 

Sun'8 
Longitude. 

*H.— M.    1 

H.      M. 

11.      M. 

II.      M. 

U.      M. 

H.      M. 

• 

H.     M. 

1.  30 

r.  40 

1.50 

2.    0 

2.10 

2.20 

2.30 

s; 

p. 

s. 

• 

8. 

s. 

wr 

8. 

8. 

s. 

0. 

—  0 

15;  47 

15,57 

1 5,  68 

15,79 

15,  92 

i(»,06 

16,  12 

. 

5 

15;  38 

15,48 

15,58 

15,70 

15,83. 

15,97 

10 

15,19 

15,28 

15,38 

15,50 

15,62 

15, 76 

15,91 

15 

U,90 

14,99 

15,09 

15,20 

15,32 

^5,  46" 

15,61 

20 

14,51 

14,60 

14,  69 

14,80 

14,92 

15,05 

15,20 

25 

14,02 

14,  10 

14,  20 

14,31 

14,42 

t«,55 

14,  69 

I. 

0 

13,44 

13,53 

13,62 

13,72 

13,83 

13,95 

14,08* 

5 

12,76* 

12,84 

12,93 

13,03 

13,14 

13,25 

13,37 

10 

11,99 

12,06 

12,  14 

12,23 

12,33 

1«,44 

12,  56 

15 

11,  12 

11,19 

11,27 

11,35 

11,44 

11,54 

11,65 

20 

10,  16 

10,24    . 

10,29 

10,37 

10,  46 

10,55 

10,65 

25 

9,12 

9.17 

9,23 

9,30, 

9.38 

9,*6 

9,55 

11. 

—  0 

7,99 

8,04 

8,09 

8,  15 

8   22 

S,^9 

S,37 

5 

6,  78 

6,82 

6,87 

6,92 

6,98- 

7,04 

7,11 

10 

5,51 

5,55 

5,59 

5,63 

5,67   ' 

5,t2 

5,78 

15 

4,  18 

4.21 

4,24 

4,27 

4,30    i 

4,34 

,    4,38 

20 

5,81 

2,83 

2,85 

2,87 

2,90 

2,  92 

2,95 

25 

1,41 

1,42 

1,43 

1,44 

1,46 

1,47 

1,48 

ill. 

+   0 

1     0, 00 

0,00   . 

0,00 

0,00 

0,00 

0,00 

0,00 

6 

r      1,41 

1,45 

1,43 

1,44 

1,45 

1,47 

1,48 

10 

L  2,81 

2,83 

2,85 

2,87 

2,89 

2,92 

2,95 

15 

■  4,17 

4,20 

4,23 

4,26 

4,29 

4,33 

4,37 

20 

5.49 

6,52 

5,56 

5,60 

5,65 

5,70 

5,75 

U5 

6,75 

6,79 

6,84 

6,89 

6,95 

7,01 

7,07 

IV. 

+  0 

7,94 

7,99 

8,05 

8,11 

8,17 

8,24 

8,32 

5 

9,06 

9,11 

9.17 

9,24 

9,32 

9,40 

9,49 

10 

10.09 

10,15 

10,32 

10,30 

10,38 

10,47 

10,57 

15 

11,03 

11,  10 

11,18 

11,26 

11,85 

11,45 

11,56 

20 

n.S9 

11,96 

12,04 

12,13 

12,23 

12,33 

12,45 

Q5 

11:,  65 

12,72 

12,81 

12,91 

13,01 

13,12 

13,25 

V. 

+   0 

13,31 

13,40 

13,49 

13,59 

13,70 

13.62 

13,95 

6 

13,88 

13,97 

14,07 

14,17 

14,28 

14,41 

14,54 

10 

14,35 

1 4,  44 

14,54 

14,65 

14,77 

14,90 

15,04 

15 

14,74 

14,  83 

14,93 

15,04 

15,  16 

15,30 

15,44 

20 

lo,  03 

15,  12 

1.*),  22 

15,33 

15,46 

15,59 

15,74 

26 

Jo,  2^ 

i 

15,31 

i:>,4i 

15,53 

15,  6'5 

15,79 

15,94 

VI. 

+   0 

ll5,3. 

15,  40 

15,  51 

15,62 

15,75 

15,  89 

16,04 

(     S6S     ) 


TABLE  XLI.    Continued. 
Equations  to  Eqtial  Altitudes.     Table  I. 


Sun's 
Longhttde. 

Half  Interval  between  the  Observations. 

H.       M. 

II.      M. 

II.      M. 

H<       of* 

A*        M. 

H.     M. 

H.    M. 

2.  40 

2.  50 

3.    0 

3.10 

3.20 

3.30 

3.40 

s.              P. 

8. 

s. 

,  ^  ^>  .» 

s. 

s. 

8. 

s. 

8. 

0.        —  0 

1$,88 

16,56 

16,75 

16,96 

17,18 

17,42 

17,67 

5 

16,28 

16,46 

16,65 

16,86 

17,08 

17,32 

17,57 

10 

16,08 

16,25 

16,44 

16,64 

16,86 

17,10 

17,35 

15 

15,77 

15,94 

16,12 

16,32 

16,54 

16,77 

17,01 

20 

15,35 

15,52 

15,70 

15,89 

16,10 

16,32 

16,56 

25 

14,84 

15,00 

15,17 

• 

15,36 

15,56 

15,78 

16,01 

I.          —  0 

14,22 

14,37 

14,54 

14,72 

14,92 

15,13 

15,35 

5 

13,51 

13,65 

13.81 

13,98 

14,17 

14,36 

14,57 

10 

12,69 

12,83 

12.98 

13,14 

13,31 

13,49 

13,69: 

15 

11,77 

11,90 

12,04 

12,19 

12,35 

12,52 

12,70 

20> 

10,75 

10,87 

11,00 

11,14   ' 

11,28 

11,44 

11,61 

25 

9,65 

9,76 

9,87 

9,99 

10, 12 

10,26 

10,41 

II.    '         0 

>  8,46 

8, 55  * 

8,65 

8,76 

8,87 

8,99 

9,12 

5 

.  7,18 

7,26 

V,35 

7,44 

7,54 

7,64 

7,75 

10 

,5,84' 

5,90 

5,97 

6,04 

6,12 

6,21 

6,30 

,  15 

•4,43 

4,48 

4.53 

4,59 

4,65 

4,71 

4,78 

20 

.  2,  98 

3,01 

3,05 

3,09  ' 

3. 13 

3,17 

3,22 

25 

1,50    • 

1,51 

1,53 

1,55 

1,57 

1,59 

1,62 

III.       +  0^ 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

1,49 

1,51 

1,53 

1,55 

1.57 

1,59 

1,61 

10 

2,98 

3,01 

3,04 

8,08 

3,12 

3, 16 

3,21 

15 

4,42 

4.47 

4,52    • 

4.57 

4,63 

4,70 

4,77 

20 

5,81 

5,87    '' 

5,94 

6,02 

6,10 

•  6,1* 

6,27 

25 

7,14 

7,22 

7,31    w 

7,40 

7,50 

7,60 

7,71 

IV.        +0 

8,41 

8,50 

8,60 

8,71 

8,82 

8.94 

9,07 

5 

9,59 

9,69 

9,80 

9,93 

10,06 

10,20 

10,34 

10- 

10,68 

10,80 

10,93 

11,06 

11,20 

11,36 

11,53 

.       15 

11,68 

11,81 

11,94 

12,09 

12,25 

12, 42 

12,60 

•     20 

12,58 

12,72 

12,86 

13,02 

13,19 

13,38 

13,57 

;25 

*3,S8 

13,53 

13, 69 

13,86 

14,04 

14,23 

14,44 

V.         +0      14,09    1 

14,24 

14,41 

14,59 

14,78 

14,98 

15,20 

5 

14,69 

14,85 

15,03 

15.21 

15,41 

15,62 

15, 85 

10 

1^,20 

15,36 

15,54    ' 

15,73 

15,94 

16,16 

16,39 

\5 

15,60 

15,77 

15,95 

16,15 

16,86 

16,59 

16,83 

20 

15,90 

16, 07 

16,26 

16,46 

16,68 

16, 91 

17,16 

25 

16,10 

16,28 

16,47 

16,67 

16,89 

17,12 

17,37 

VI.       +  0 

16,20 

16,38 

16,57 

16,78 

17,00 

17,23 

17,48 
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TABLE  XLI.    Continued. 
Equations  to  Equal  Altitudes.    Table  !• 


1 

Sun's 

« 

Half  Intoral  between  the  Obseiratbns. 

• 

XK)ttj^kude.' 

U.     il. 

H.     If. 

H.    If. 

U.   M. 

a.  Bf. 

H.  U. 

H.   M. 

S.  SO 

4.     0 

4.  la 

4.  20 

4.  80 

4.  40 

4.  50 

8.                    D. 

«• 

9. 

^. 

s. 

s. 

9. 

s. 

0.        —  0 

17,94» 

18,23 

18,54 

18,87 

19,22 

19,60 

20,01 

5 

17,84 

18,13 

18,44 

18,77 

19,12 

19,49 

19,89 

10 

17,62 

17,90 

18,20 

18,53 

18,88 

19,25 

19,64 

15 

17,  27 

17,55 

17,85 

18,17 

18,51 

18, 87 

19,  26 

20 

16,82 

17,09 

17,38 

17,69 

18,02 

18,37 

18,  75 

25 

16,26 

16,52 

16,80 

17,10 

17,42 

17,76 

18, 12 

I.               0 

15.59 

15,84 

16,11 

16,40 

16,70 

17.  OS 

17,38 

5 

14,80 

15,04 

15,29 

15,56 

15,86 

16,17 

16,50 

10 

13,90 

14,13 

14,87 

14,63 

14,90 

15,19 

15,50 

15 

12,90 

13,11 

13,33 

13,57 

13,82 

14,09 

.  14,38 

20 

11,79 

11,98 

12,18 

12,40 

12,63 

12,88 

13,14 

25 

10,57 

10,74 

10,93 

11,12 

11,33 

11,55 

1  11,79 

.  IL        —  0 

9,26 

9,41 

9,57 

9,74 

9,93 

10,12 

10,83 

5 

7,87 

8,00 

8,14 

8,28 

8,43 

8,60 

8,77 

.  10 

6,40 

6,50 

6,61 

6,72 

6,85 

6,99 

7,13 

15 

4,85 

4,93 

5,01 

5,  10 

5,20 

5,80 

5,41 

20 

3,27 

3,32 

3.37 

3,43 

3,50 

3,57 

3,64 

25 

1,64 

1,67 

1,70 

1,73 

1,76 

1,79 

1,83 

III.       +  0. 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

1,64 

1,66 

1,69 

1,72 

1,76 

1,79 

1,83 

10 

3,26 

3,31 

3,37 

3,43 

3,50 

3,56 

3,63 

15 

4,84 

4,92 

5,00 

5,09 

5,19 

5,29 

5,40 

20 

6,37 

6,47 

6,58 

6,70 

6,82 

6,S6 

7.10 

25 

7,83 

7,96 

8,10 

8,24 

8,39 

8, 56 

8,79 

IV.       -i   0 

9,21 

9,36 

9,52 

9,69 

9,87 

10,06 

10,27 

5 

10,50 

10,68 

10,86 

1J,05 

11,26 

11,48 

11,71 

10 

11.70 

11,89 

12,10 

12,31 

12,54 

12,79 

13,05 

15 

12,79 

13,00 

13,22 

13,46 

13,71 

18,98 

14,27 

20 

13,78 

14,01 

14,25 

14,50 

14,77 

15.06 

15,37 

25 

14,66 

14,90 

15,15 

1^,42 

J  5,  71 

16,02 

16,35 

V.           Hr    0 

15.44 

15,69 

•15,96 

16,24 

16,54 

16,86 

17,21 

5 

16,  10 

16.36 

1 6, 64 

16,9l5 

17,  '26 

17,59 

17,95 

10 

16,64 

16,  91 

17,20 

17,51 

17,84 

18,19 

18,56 

15 

17,09 

17,  37 

17,67 

17,98 

18.  31 

18,67 

19,06 

20 

17,42 

17,70 

18,00 

18,32 

18,67 

19,04 

19,43 

'J5 

17,64 

17,93 

18,23 

18,56 

18,91 

19,28 

19,67 

VI.       +  0 

17,75 

18,04 

18,35 

18,68 

19,03 

19,40 

19.79 
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TABLE  XLI.    Continued. 
Squatiotis  to.  Equal  Altitudes,    Tablk  I< 


Half  Interval  between  the  Observations. 

' 

Sun's 

Longitude. 

H.   M. 

xl«    AS* 

II.   M. 

11.  M. 

Hu    n* 

H.   M. 

H.   M. 

• 

5.    0 

5.  10 

5,  20 

5.  30 

5.  4a 

5.  50 

&     0 

&                    D. 

s. 

8. 

8. 

& 

8. 

s. 

s. 

O.         —0 

20,44 

20,90 

21,38 

21,90 

22,46 

23,05 

2.%  69 

5 

20,32 

20,77 

21,25 

21,77 

22,32 

22,91 

23,55 

10 

20,06 

20, 51 

20,99 

21,50 

22,04 

22,62 

23,25 

15 

19,67 

20,11 

20,58 

21,08 

21,62 

22,19 

22,80 

20 

19,16 

19,59 

20,05 

20,54 

21, 06 

21,61 

22,21 

25 

18,51 

18,93 

19,37 

19, 84 

20,34 

20,88 

21,46 

I.          —  0 

17,75 

18, 15 

18,57 

19,02 

19.50 

20,02 

20,57 

5 

16,8.5 

17,23 

17,63 

18,06 

18,52 

19,01 

19,53 

10 

15,83 

16,19 

16,57 

16,97 

17,40 

17,86 

18,35 

I            15 

14,69 

15,02 

15,  37 

15,74 

16,14 

16,57 

17,03 

20 

13,42 

13,72 

14,04 

14,88 

14,75 

15,14 

15,56 

25 

12,04 

12,31 

12,59 

12,90 

13,23 

13.58 

13,96 

XL              0 

10,55 

10,78 

11,03 

11,30 

11,59 

11,90 

12,23 

5 

8,96 

9,16 

9,37 

9,60 

9,85 

10,11 

10,39 

10 

7,28 

7,44 

7,62 

7,80 

8,00 

8,21 

8,44 

15 

5,53 

5,65 

5,78 

5,92 

6,07 

6,23 

6,41 

20 

3,72 

3,80 

3,89 

3,98 

4,08 

4,19 

.    4,31 

25 

1,87 

1,91 

1,95 

2,00 

2,05 

2,10 

2,16 

III.       +  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

1,87 

1,91 

1,95 

2,00 

2,05 

2.10 

2,16 

10 

3,71 

3,79 

3,88 

3,97 

.    4,07 

4,18 

4,30 

15 

5,51 

5,63 

5,77 

5,91 

6,06 

6,22 

6,39 

20 

7,25 

7,41 

7,59 

7,77 

^    7,97 

8,18 

8,41 

25 

S,92 

9,12 

9,33 

9,56 

9,80 

10,06 

10,34 

IV,        +  0 

10,49 

10,73 

10,98 

'  11,25 

11,54 

11,84 

12,16 

5 

11,96 

12,23 

12,52 

12,82 

13,14 

13»49 

13,86 

10 

13,33 

13,63 

13.94 

14,28 

14,65 

15,04 

15,45 

15 

14,57 

14,90 

15,  Z5 

15»62 

16,01 

16,43 

16,89 

20 

15,70 

16,05 

16,42 

16,82 

17,25 

17,  71 

:  18,  19 

25 

16.70 

17,07 

17,47 

17,-90 

18,35 

18,84 

19,36 

V.          -f  0 

17,58 

17,98 

18,40 

l^S5 

19,32 

19x83 

20,38 

5 

18,34 

18,75 

iai8 

19>64 

20,  J4 

20.67 

21,25 

10 

18,96 

19,39 

19^84 

20,32 

a),.  84 

?1,39 

21,97 

1.5 

19,47 

19,90 

30,36 

m86 

2.U39 

.  2l,.96 

22,  56 

20. 

19.  S4 

20.  is 

20,76 

«l>36 

21.80 

22.38 

23,00 

25 

1 

20,09 

20.  ^:k 

21,02 

21,53 

22,06 

22,6a 

* 

23,29- 

VI        +  Q 

20,22 

i^M 

21,15 

2L.e:  • 

.22*  2a.... 

r^^ 

.,afc44L    . 
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•TABLE   XLI.    Continued. 
HqucUions  to  Equal  Altitudes.     Table  L 


Half  Interval  between  the  Obseirations. 

1 

Sun's 
Longitude. 

.  1 

■ 

U.  M. 

1 

H.   M. 

II.   M. 

H.   M. 

1 

H.  M. 

H.   M. 

2.  30 

1.  30 

1.  40 

1.  50 

2     0 

2.  10 

2.  20 

•• 

s. 

D. 

8. 

8. 

8. 

8. 

s. 

8. 

8. 

• 

VI, 

+  0 

15,31 

15,41 

15,51 

15,62 

15,75  ■ 

15,89 

16,04 

5 

15,  30 

15,40 

15,50 

15,61 

15,74 

15,88 

16.  OS 

10 

15;  20 

15,29 

15,39 

15.51 

15,63    • 

15,'77 

15,92 

15 

14,99 

15,08 

15,  19    ^ 

15,  30 

15,42 

\5,SS    ^ 

15,71 

20 

14,69 

14,78 

14,88 

14,99 

\5,  11 

15,^ 

■  15,  39 

25 

1 

14,28 

14,37 

14,46 

14,57 

14,69 

14,82 

14,96 

VII. 

+  0 

13,76 

13,85 

13,95 

14,05 

14,16 

14,29 

14,42 

5 

13,  14 

13,22 

13,31 

13,41 

13,52 

18,64    \ 

13,77 

10 

12,41 

12,49 

.12,  57 

12,66 

12,76 

12,  «T 

13.00 

15 

11,57    ' 

11,64 

11,71 

11,80 

11,90 

12,01 

12,12 

20 

10,62 

10,68 

10,75 

10,  83 

10,92 

11,02 

11,13 

25 

9,57 

9,63 

9,69 

9,76 

9,84 

9,95 

10,0S 

VIII. 

+  0 

8,42 

8,47 

8,53 

8,59 

8,66 

8,74; 

8,82  ' 

5 

7,18 

7,22 

7,27 

7,32 

7,38 

7,45 

7,5«- 

10 

S,S5 

5,88 

5,92 

5,97 

6,02 

6,07 

6,13 

15 

4,45 

4,48 

4,51 

4,54 

4,  58 

4,62    ' 

4,66 

20 

3,00 

3,02 

3,04 

3,06 

3,09 

3,11* 

3,14 

25 

1,51 

1,52 

1,53 

1,54 

1,55 

1,56 

1,58 

IX. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

.   1.51 

1,52 

1.53 

1,54 

1,55 

1,57 

1,58 

10 

'«,  00 

3,02 

3,04 

3,07 

3,09 

3.12 

3,15 

15 

4,46 

4,49 

4,52 

4,55 

4,59 

4,63 

4,67 

20 

5,87 

5,90 

5,94 

5,99 

6,04 

6,09 

6,15 

25 

7,20 

7,24 

7,29 
8,57 

7,35 

7,41 

7,48 

7,55 

X. 

0 

8,46 

8,51 

8,63 

8,70 

8,78 

8,86 

5 

9,63 

9,69 

9,75 

9,82 

9,90 

9.99 

10,09 

10 

10,70 

10,76 

10,83 

10,91 

11,00 

11.10 

11,21 

15 

11,66 

11,73 

11,81 

11,90 

12,00 

12,  10 

12,  21 

20 

12,51 

12,59 

12,68 

12,77 

12,87 

12,99 

13,11 

- 

25 

- 

13,  26 

13,34 

13,43 

13,53 

13,64 

13,76 

13,89 

XI. 

-0 

13,89 

13,  98 

14,08 

14,18 

14,29 

14,42 

14,55 

5 

14,42 

14,51 

14,61 

14,72 

14,84 

14,97 

15,  11 

10 ; 

14,84 

14,93 

15,03 

15,  14 

15,27 

15,40 

15,55 

15 

15,15 

15,25 

15,35 

15,46 

15,59 

15,73 

15,88 

20 

15,36 

15,46 

15,57 

15,68 

15,80 

15,94 

16,  10 

25 

15,47 

15,56 

15,67 

15,78 

15,91 

16,05 

16,21 

XII. 

—  0 

15,48 

15,57 

15,68 

15,79 

15,92 

16,06 

16,22 
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TABLE   XLI.     Continued. 


EquaHons  to  Equal  Altitudes.    Tablb  I. 


Half  Interval  between  the  Observations. 

Son's 
Longitude. 

•  •■.(,. 

H.   M. 

H.  M. 

U.   M. 

H.   M. 

H.   M. 

n.  M. 

H.   M. 

2.  40^ 

1 

2.  50 

3.    0 

3.  10 

3.  20 

^.  30 

3.  4a  - 

$.                      D. 

f. 

s. 

s. 

8. 

• 

s. 

s. 

s. 

VI.         +0 

16,21 

16,38 

16,57 

16,78 

•17,00 

17.28 

17,48 

5 

16,  20 

16,37 

16.56 

16,77 

16,99 

17.22 

17,  47 

10 

16,08 

16,26 

16,45 

16,65 

16,87 

17,10 

17,35 

15 

15,87 

16,04 

16,23 

16,43 

16.64 

16,87 

17,12 

20 

h%65 

15>72 

15,90 

16,09 

16,  30 

16.  53 

16,77 

25 

15,11 

15*28 

15,46 

15,65 

15,86 

16,08 

16,  31 

VII.      +  0 

14,57 

14,73 

14,90 

15,08 

15,28 

15,49 

15,  72. 

5 

13,  91 

14,06 

14,22 

14,40 

14,59 

14,79 

15,01 

10 

18,13 

13,27 

13,42 

13,59 

13,77 

13.  96 

14,17 

.       15 

.  12,24. 

12,37 

12,51 

12,67 

12.  84 

13,02 

13,21 

20 

11,24 

11,36 

11,49 

11,63 

11.79 

11.96 

12,  13 

25 

10,13 

10,  24 

10,36 

10,48 

10,  62 

10,77 

10,93 

VIII.    +  0 

8,91 

9,01 

9,  11 

9,22 

9,34 

9,47 

9,61 

5 

I    7,59 

7,67 

7,76 

.    7,86 

7,96 

8,07 

8,19 

10   '     6,  19 

6,2a 

.    6,33 

6,41 

6,49 

6,58 

6,68     - 

15 

i    4,71 

4,76 

4,82 

4,88 

4,94 

5,01 

5,08 

y.           20 

1    3,  18- 

3,21 

3,25 

3,29 

3,33 

3.38 

3,43 

25 

• 

1,60 

1,62 

1,64 

1,66 

1,68 

1,70 

1,73     . 

IX.       —  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

1,60 

1,62 

1,64^ 

1,66 

1,68 

'  1,-70 

1,73 

10 

8,18 

3,21 

3,25 

3,  2S 

3,33 

3,38 

^.43 

15 

4,72 

4,77 

4,83 

4,89 

4,95 

5,02 

5,09 

20 

6,21 

6,28. 

6,35 

6,43 

6,51 

6,  60 

6,70 

25 

7,62 

7,7a 

7,7^ 

7,89 

8.00 

8.  11 

8,23 

X.     .    -^  0 

8,95 

9,05 

9,15 

9,27 

9,39 

9,52 

9,66 

5 

10,19 

10,30 

10,42 

10,  S5 

10,69 

10,83 

10,99 

10 

11,32 

11,44 

1.1,58 

11,72 

11,87 

12,04 

12,  21 

U 

- 1%  34 

12,  48 

12,62 

12,  77 

12,94 

13,  12 

13,31 

20 

i  13^24 

13,-39 

13,54 

13,71 

13,  89 

14,08 

14,29 

25 

i  14,63 

14,18 

14,35 

14,53 

14,72 

14,92 

15,  14 

XI.       —  0 

1  i4,  70 

14,86 

15,04 

15,23 

15,42 

15,63 

15,86 

5 

!  15,  26 

'15.  43 

15,61 

15,80 

16,01 

16,23 

16,47 

10 

!  15,  71 

15,  88 

16,06 

16,26 

16,48 

16,71 

16.95 

15 

16,04 

16,21 

16,40 

16,60 

16,  82 

17,06 

17,31 

20 

;  16,26 

16,44 

16,63 

16,83 

17,  05 

17,29 

17,54 

25 

j  16,37 

16,55 

16,74 

16,95 

17,17 

17,  41 

17,66 

XIL     —  0 

16,  38 

16,56^ 

\6.  75. 

16,  d& 

17, 18 

17,42 

17,67 
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TABLE  XLL   Continued. 
EquttHom  to  Equai  Altitudeg,-   Tablb  I. 


• 

• 
Half  Interval  between  the  Observations. 

1 

Sun's 
Longitude. 

9 

* 

H.      M. 

H.      11. 

H»      IX. 

il.      M. 

H.      M. 

H.      M. 

H.      M. 

3.    50 

4.    0 

4.  10 

4.20 

4.  30 

4.40 

4.50 

8. 

D. 

1 

ft. 

s. 

»• 

8. 

s. 

8. 

1 

t. 

VI. 

+    0 

17,75 

18,04 

18,35 

16,67 

19,02 

19,40    . 

19,80    ; 

5 

17,74 

18,03 

18,34 

18,66 

19.01 

19, 39 

19,79  * 

10 

17,62 

17,91 

18,22 

18,54 

18,88 

19,  25 

19.65 

15 

17,39 

17.  67 

17,97 

18,29 

18,63 

18,99 

19,38 

20 

17,03 

17,31 

17,60 

17.92 

18,25 

18,61 

18,99  . 

25 

16,  56 

16,  82 

17,11 

17,42 

17,75 

18,  10 

18, 47 

VII. 

H-    0 

15,96 

16,22 

16,49 

16.79 

17,11 

17,44 

17,80 

5 

15,24 

15,49 

15,75 

16,03 

l6,  33 

16,65 

16,99 

10 

14,39 

14,62 

14,87 

15,14 

15,42 

15,72 

l6,04 

15 

13,41 

13,63 

13,  86 

14,  11 

14,37 

14,65 

l*,95 

20 

12,31 

12,  51 

12,72 

12,95 

13,19 

13,  44i 

13,73 

25 

11,09 

11,27 

11,46 

11,67 

1 

11,89 

12,12 

12,37- 

VIII. 

+  0 

9y76 

9,92 

10,09 

10,27 

10,46 

10,66    . 

10,68  . 

}i 

8,32 

8,45 

8,59 

8,75 

8,92 

9,09 

9,27 

10 

6,78 

6,89 

7,01 

7,14 

7,27 

7,41 

7,56 

15 

5,  16 

5,  24 

5,33 

5,43 

5,53 

-  5,64 

5,76 

20 

3,  48 

3,  54 

3,  6o 

3,  66 

3,73 

3,80 

3,88 

25 

1,75 

1,78 

1,  81 

1,  84 

1,88 

1,91 

1,95 

IX. 

—   0 

0,00 

0,00 

0,  00 

0,00 

0,00 

0,00 

0,00 

5 

1,75 

1,78 

1,  81 

1,  84 

1,88 

1,92 

1,95 

10 

3,48 

3,54 

3,60 

3,66 

^,75 

3,81 

3,89 

15 

6,  17 

5,26 

5,  35 

5,44 

5,54 

5,65 

5,77 

20 

6,  80 

6,91 

7,03 

7,  16 

7,29 

7,43 

7,59 

25 

8,36 

8,49 

8,63 

8,79 

8,95 

9,1^ 

9,31 

X. 

—  0 

9,81 

9»97 

10,  14 

10,32 

10,51 

10,72 

10,94 

5 

11,  l6 

j1,  34 

11,  54 

11,74 

11,96 

12,20 

12,45    . 

10 

12,40 

12,  60 

12,  82 

13,05 

13,  29 

13,55 

13,83 

15 

13,  52 

13,74 

13,97 

14,  22 

14,49 

14,77 

1 5,  07 

20 

14,51 

14,74 

14,99 

15,26 

15,55 

15,86 

16,18 

25 

15,37 

15,  62 

15,89 

16,17 

16,47 

16,79    ' 

17,14 

XI. 

—  0 

16,  11 

16,37 

16,65 

16,95 

17,26 

-17,60 

17,96 

5 

16,72 

16,99 

17,28 

17,59 

17,92 

18,27 

18,65 

10 

17,21 

17,49 

17,79 

18,  10 

18,44 

18,80 

19,19 

15 

17,57 

17,  86 

18,  16 

18,48 

18,83 

19,20 

19,59 

20 

17,  81 

18, 10 

18,  41 

18,74 

19,09 

19,46 

19,  86 

25 

17,94 

18,23 

18,54 

18,87 

19,22 

19,  60 

20,00 

XH. 

—    0 

17,95 

18,  24 

18,  55 

18,  88 

19,  23 

19,61 

20,01 
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TABLE  XLI.    Continued. 
Equations  to  Equal  Attitudes,    Tabub  L 


Sun't 
Longitude. 

Half  Interval  between  the  Observations. 

H.  M. 

H.   M. 

II.  n^. 

H*  M. 

II.  H.     1     H.  M. 

H.   M. 

5.    0 

5.  10 

5.  20 

5.  SO 

5.  40        5.  50 

6.     0 

S.                   D. 

8. 

8. 

s. 

s. 

s. 

s. 

s. 

VI.        +0 
5 
10 
15 
20 
25 

20,22 
20^21 

20^07 
19,80 
19,40 
18,86 

18,18 
17,35 
,  16,38 
•  15,27 
14,03 
12,64 

20,67 
20,66 
20,52 
20,24 
19,83 
1%28 

21,  15 
21,  14 
21,00 
20,71 
20,29 
19,73 

21,67 
2i,  66 
21,51 
21,  22 ' 
20,79 
20,21 

22,22 
22,21 
22,05 
21,  76 
21,32 
20,72 

22,81 
22,80 
22,64 
22,33 
21,88 
21,27 

23,  43 , 

23,42 

23,26 

22,95 

22,48 

21,85 

VII.     +  0 
5 
10 
15 
20 
25 

18,58 
17,74 
16,75 
15,61 
14,34 
12,92 

19,02 
18,15 
17,14 
15,98 
14,67 
13,22, 

19,48 
18,60 
17,56 
16,37 
15,03 
13,54 

19,97 
19,07 
18,00 
16,78 
15,41 
13,88 

20,50 
19,57 
18,48 
17,28 
15,82 
14,25 

21,06 

20,11 

18,99 

17,70 

16,25 

14,65 

4 

VIII.  +  0 

5 

16 

15 
20 
25 

lUll 

9,47 

7,72 
5,88 
3,96 
J, 99 

11,36 
9,68 
7,89 
6,01 
4,05 
2,04 

11,63 
9,91 
8,08 
6,15 
4,  14 
2,09 

11,91 
10,  15 
8,28 
6,30 
4,24 
2,14 

12,21 
10,41 
8,49 
6,46 
4,35 
2,19 

12,54 
10,68 
8,71 
6,63 
4,47 
2,25 

12,89 
10,98 
8,95 
6,81 
4,59 
2,31 

IX.      ~  0 
5 
10 
15 
20. 
25 

0,  00 
1.99 
3,97 
5,89 
7,75 
9,51 

0,00 
2,04 
4,06 
6,02 
7,92 
9,72 

0,00 
2,09 
4,  15 
6,17 
8,  11 
9,95 

0,00 
2,14 
4,25 
6,  32 
8,31 
10,  19 

0,00 
2,  19 
4,36 
6,48 
8,52 
10,45 

0,00 
2,25 
4,48 
6,65 
8,74 
10,73 

0,00 
2,31 
4,60 
6,83 
8,98 
11,02 

X.        —  0 

5 

10 

15 
20 
25 

11,17 
12,72 
14,12 
15,39 
16,52 
17,51 

11,42 
13,00 
14,44 
15,  74 
16,89 
17,90 

11,69 
13,30 
14,78 
16,  11 
17,29 
18,  32 

11,97 
13,62 
15,14 
16,50 
17,71 
18,76 

12,^ 

13,97 
15,  52 
16,92 
18,  16    , 
19,24 

12,60 
14,34 
15,93 
17,37 
18,64 
19,75 

12,94 
14,73 
16,37 
17,84 
19,  15 
20,29 

. 

XI.            0 

15 
10 
15 
20 
25 

18,35 
19,05 
19,60 
20,01 
20,28 
20,43 

20,44 

18,76 

19,  47 , 

20,04 

20,45 

20,73 

20,89 

20,90 

19,19 
19,92 
20,50 
20,94 
21,22 
21,37 

19,66 
20,41 
^1,00 
21,45 
21,74 
21,89 

20,16 
20,93 
21,54 
21,99 
22,29 
22,45 

20,69 
21,48 
22,11 
22,57 
22,88 
33,04 

21,26 
22,07 
22,72 
23,20 
23,  52 
23,  68 

1 

XII.     —  0 

21,38 

2],  90 

22,46 

23,05 

23,69 

VOL.     IL 


S  B 


—         *  .  . 
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TABLE  XLI.     Continued. 


Equations  to  Eqiiat  Altitudes.    Table  II, 


Sun*8 
Longitude. 

Half 

Interval  between  the  Observations. 

H.  M. 

H.   M* 

H*      Ma 

H.   M* 

H*    M  • 

II.   M. 

H.   M. 

l.SO 

1.40 

1.50 

2.    0 

2.  10 

2.90 

8.30 

8. 

D. 

& 

8. 

• 

8. 

s. 

& 

8. 

8. 

O. 

H-  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0.00    , 

5 

0,49 

0,49 

0,48 

0,47 

0.46 

0,45 

0,44 

10 

0,97 

0,96 

0,95 

0,93 

0,91 

©,90 

0,88 

15 

1,43 

1,41 

1,39 

1,36 

1,34 

1,31 

1,28 

20 

1,84 

1,82 

1,79 

1,76 

1,73 

1.70 

1,66 

25 

2,21 

2,  18 

2,  15 

2,12 

2,08 

2,04 

1.99 

I. 

+  0 

2,52 

2,49 

2,45 

2,41 

2,37 

2,32 

2,27 

5 

2,77 

2,73 

2,69 

2,65 

2,60 

%55 

2,49 

10 

2,93 

2,89 

2,85 

2,81 

2,76 

2.70 

2,64 

15 

3,01 

2,97 

2,93 

2,88 

2,83 

2,77 

2,71 

20 

3,01 

2,97    - 

2,93 

2,88 

2,83 

2,77 

2,  71 

11. 

25 

2,91 

2,87 

2,83 

2,78 

2,73 

^  ■ 

2,67 

2,61 

+  0 

2,71 

2,68 

2,64 

2,60 

2,55 

2,50 

2;  44 

5 

2,42 

2,39 

2,86 

2,82 

2,28 

2,28 

2,18 

10 

2,06 

2,03 

2,00 

1,97 

1,93 

1,89 

1,85 

15 

1,61 

1,59 

1.57 

1,54 

1,51 

1,48 

1,45 

20 

1.11 

1,  10 

1,08 

1,  C6 

1,04 

1,02 

1,00 

25 

0,57 

0,56 

0,55 

0,54 

0,53 

0,52 

0,51 

III. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

.0,00 

5 

0,56 

0,56 

0,55 

0,54 

0,53 

0,52 

0,51 

10 

1.11 

1,  10 

1,08 

1,06 

1,04 

1,02 

1,00 

15 

1.61 

1,59 

1,57 

1,54 

1,51 

1,48 

1,45 

20 

2.05 

2,02 

1,99 

1,96 

1,92 

1,88 

1,84 

.25 

2,41 

2,38 

2,35 

2,31 

2,27 

2,22 

2,17 

IV. 

—  0 

2,70 

2,66 

2,62 

2,58 

2.53 

2,48 

2.43 

5 

2,89 

2,85 

2,81 

2,76 

2,71 

2,66 

2,60 

10 

2,99 

2,95 

2,90 

2,85 

2,80 

2,75 

2,69 

15 

2,99 

2,95 

2,91 

2,86 

2,81 

2,75 

2,69 

20 

2,91 

2,87 

2,83 

2,78 

2,73 

2.68 

2,62 

25 

2,74 

2,70 

2,66 

2,62 

2,57 

2,52 

2,47 

V. 

—  0 

2,50 

2,47 

2,43 

2,39 

2,35 

2,30 

2,25 

5 

2,  19 

2,  16 

2,  13 

2,09 

2,05 

2,01 

1.97 

10 

1,82 

1,80 

1.77 

1,74 

1,71 

1,68 

1,64 

15 

1,41 

1,39 

1,37 

1,35 

1,33 

1,30 

1,27 

20 

0,96 

0,95 

0,94 

0,92 

0,90 

0,88 

0,66 

25 

0,49 

0,48 

0,47 

0,47 

0,46 

0.  45 

0,44 

VI. 

-0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 
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TABLE  XLI.    Continued. 
Equations  to  Equal  Altttudes.    Tabile  II. 


' 

Half  Interval  between  the  Observations. 

S«n*8 
Longitude. 

n*    M* 

rl»    Al« 

U.    M. 

H.  M. 

H.    M. 

H.    A(. 

H.  M. 

2.  40 

2    .50 

3.    0 

3.  10 

3.  20 

3.  30 

3.40 

s. 

D. 

s. 

s. 

s. 

8. 

6. 

•• 

8* 

0. 

+   0 

0,00 

0,00 

0,  00 

0,00 

0,  00 

0,00 

0,00 

5 

0,43 

0,42 

0,41 

0,  40 

0,38 

0,37 

0,35 

10 

0,  85 

0,  83 

0,  81 

0,78 

0,75 

0,72 

0,69 

15 

1,25 

1,  22 

1,  18 

1,  14 

1,  10 

1,06 

1,01 

20 

1,6*2 

1,58 

1,53 

1,48 

1,43 

1,37 

1,31 

25 

iy9^ 

1,89 

1,  83 

1,77 

1,71 

1,64 

1,57 

I. 

+  0 

2,21 

2,  15 

2,09 

2,02 

1,95 

1,87 

1,79 

5 

2,43 

2,36 

2,29 

2,22 

2,  14 

2,05 

1,96 

10 

2,57 

2,50 

2,43 

2,35 

2,26 

2,17 

2,08 

-^    15 

2,(54 

2,57 

2,  50 

2,42 

2,33 

2,24 

2,  14 

20 

2,64 

2,57 

2,49 

2,41 

2,32 

2,23 

2,13 

25 

2,  55 

2,48 

2,  41 

2,33 

2,24 

2,  16 

2,06 

II. 

+  0 

2,38 

2,31 

2,24 

2,  17 

2,09 

2,01 

1,92 

5 

2,  13 

2,07 

2,01 

1,94 

1,87 

1,80 

1,72 

10 

1,  80 

1,75 

1,70 

1,65 

1.59 

1,53 

1,46 

' 

15 

1,41 

1,37 

.     1,33 

1,29 

1,24 

If  19 

1,14 

20 

0,98 

0,95 

0,92 

0,89 

0,  86 

0,83 

0,79 

25 

0,50 

0,48 

0,47 

0,  45 

0,44 

0,42 

0y40    , 

III. 

—  0 

0,00 

0,00 

0,  00 

0,00 

0,00 

0,00 

0,00 

5 

0,49 

0,  48 

0,47 

0,45 

0,  44 

0,42 

0,40 

10 

0,97 

0,94 

0,91 

0,88 

0,  85 

0,82 

0,78 

J5 

1,41 

1,37 

1,33 

1,29 

1,  24 

1,19 

1,14 

20 

1,  80 

1,75 

1,70 

1,  64 

1,  58 

1,52 

1,45 

25 

2,  V2 

2,06 

2,00 

1,93 

1,  86 

If  79 

1,71 

IV. 

—  0 

2,37 

2,  30 

2,  23 

2,  16 

2,08 

2,00 

1,91 

5 

2,54 

2,47 

2,39 

2,31 

2,23 

2,  14 

2,05 

10 

2,62 

2,55 

2,47 

2,39 

2,31 

2,22 

2,12 

15 

2,62 

2,  55 

2,48 

2,40 

i?,  31 

2,22 

2,12 

20 

2,55 

'2,48 

2,  41 

2,33 

2,  25 

2, 16 

2,06 

25 

2,41 

2,34 

2,27 

2,20 

2,  12 

2,03 

1,94 

V. 

—  0 

2,19 

2,  13 

2,07 

2,00 

1,93 

1,  85 

1,77 

5 

1    92 

1,  87 

1,81 

1,75 

1,69 

1,62 

1,55 

10 

I,  60 

1,  56 

1,51 

1,46 

1,41 

1,35 

1,29 

15 

1,24 

1,21 

U17 

1,  13 

1,09 

1,05 

1,00 

20 

0,  84 

0,  82 

0,  80 

0,77 

0,74 

0,71 

0,68 

25 

0,43 

:0,  42 

0,40 

0,39 

0,38 

0,36 

0,35 

VI. 

—     0 

0,  00 

0,00 

0,00 

0,00 

0,00 

0,  <K) 

0,  00 
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TABLE  XLI.    Continued. 
EquaHons  to  Equal  Altitudes.    Table  II. 


» 

Half  Interval  between  the  Observations^ 

Sun's 
bngitude. 

• 

h 

1  • 

II.       M. 

II.      U. 

H.      M. 

4.  10 

H.       M. 

II.       M. 

H.      M. 

H.      Jf. 

3.  50 

4.      0 

4.20 

4.30 

4.40 

4.50 

s. 

D. 

8. 

s. 

s. 

s. 

9. 

1. 

8. 

O. 

-f  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,33 

0,31 

0,30 

0,28 

0,25 

0,23 

0,21 

10 

0,66 

0,62 

0,58 

0,54 

0,50 

0,46 

0,41 

15 

0,96 

0,91 

0,85 

0,79 

0,73 

0,67 

0,  60 

20 

1,24 

1,17 

1,  10 

1,03 

0,95 

0,87 

0,78 

25 

1,49 

1,41 

1,32 

1,23 

1,14 

1,04 

0,93 

I. 

+  0 

1,70 

l,6l 

1,51 

1.41 

1,30 

1,  18 

1,06 

5 

1,86' 

1.76 

1.65 

1,54 

1,42 

1,29 

1,  l6 

10 

1,98 

1,87 

1,76 

1,64 

1,51 

1,37 

1,23 

15 

2,03 

lr92 

1,80 

1,  68 

1,55 

1,41 

1,27 

20 

2,03 

1,92 

1,80 

1 .  68 

1,55 

1,41 

1,26 

25 

1,96' 

1,85 

1,74 

1,62 

1.49 

1,36 
1,27 

1,22 

II. 

4-  0 

1,83 

1,73 

1,0*2 

1,51 

1,39 

1,14 

■ 

5 

1,64 

1,  55 

1,45 

1,35 

1,25 

1,14 

l;o« 

10 

h09 

1,31 

1,23 

1,  15 

1,06 

0,96 

0,8(7 

15 

1,09 

1,03 

0,97 

0,90 

0,83 

0,76 

0,68 

20 

0,75 

0,71 

0,67 

0,62 

0,57 

0,52 

0,47 

25 

0,38 

0,36 

0,34 

0,32 

0,29 

0,26 

-    0,24 

HI. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,38    • 

0,36 

0,34 

0,31 

0,29 

0,26 

0,24 

10 

0,75 

0,71 

0,67 

0,62 

0,57 

0,52 

0,47 

15 

1,08 

1.02 

0,96 

0,90 

0,  83 

0,76 

0,68 

20 

1,38 

1.31 

1,  23 

1,  14 

1,05 

0,96 

0,86 

25 

1,63 

1,  54 

1,45 

1,35 

1,  24 

I,  13 

1,02 

IV. 

—  0 

1,  82 

1,72 

l,6l 

1,50 

1,38 

1    26 

1,  13 

5 

h95 

1,84 

1,73 

l,6l 

1,  48 

l'35 

1,21 

10 

2,01 

1,90 

1,79 

1,67 

1,54 

1,40 

1,26 

15 

2,02 

1,91 

h79 

1,67 

1,54 

1,40 

1,26 

20 

1,96 

1,  85 

1,74 

1,62 

1,49 

1,36 

1,  22 

25 

1,85 

1,75 

1,64 

1,53 

1,41 

1,28 

1,  15 

V, 

—  0 

1,68 

1,59 

1,  50 

1,40 

1,29 

1,17 

1,05 

5 

1,48 

1    40 

1,31 

1,22 

i:i3 

1,03 

0,92 

10 

1,23 

l'l6 

1,09 

1,02 

0,94 

0,  86 

0,77 

15 

0,95 

0,90 

0,  85 

0,79 

0,73 

0,  66 

0,59 

20 

0,65 

0,62 

0,  58 

0,54 

0,  50 

0,  45 

0,40 

25 

0,33 

0,31 

0,29 

0,27 

0,25 

0,23 

0,  21 

VI. 

—  0 

0,00 

0,00 
t 

0,00 

0,00 

0,00 

0,00 

0,00 

(     373     ) 


TABLE  XLI.    ConUnued. 
Equatioiis  to  Equal  Attiiudes.    Table  11. 


Sun'a 
LoDgituilc. 

Half  Interval  botwu-cn  ilie  Obaervations. 

11.    M. 

H.    M. 

...    M. 

H.   M. 

5.    0 

.5.  10 

5.20 

5.  30 

5.40 

S.$0 

6.    0 

s. 

D. 

«. 

B. 

8. 

s. 

». 

^■ 

». 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,  18 

0,  16 

0,  13 

0,  10 

0.07 

0,04 

0,  19 

0,13 

0,07 

0,45 

0,29 

0,20 

0,10 

0,  (18 

0,58 

0,43 

0.37 

0,  y5 

0,13 

25 

0,  &2 

0,70 

0,57 

0,44 

0,30 

0.16 

[ 

0,93 

0,80 

0,66 

0.51 

0,35 

0,  18 

0,00 

5 

1,02 

0,87 

0,71 

0.55 

0,38 

0,  19 

0,  OJ 

10 

1,03 

0,S2 

0, :« 

0,59 

0,41 

0,21 

0.00 

1,  12 

0,95 

0,78 

0,60 

0,41 

0,21 

0,00 

1,  11 

0,95 

0,78 

0,60 

0,41 

0,21 

0.00 

25 

1.07 

0,91 

0,75 

0,  58 

0,40 

0.20 

0,00 

U 

+  0 

1,00 

0,85 

0,70 

0.54 

0,37 

0,  19 

0,00 

0,  yo 

0,77 

0,63 

0.48 

0,33 

0.17 

0,00 

10 

0,76 

0,  65 

0,53 

0.41 

0,23 

0,  14 

0,00 

0,60 

0,51 

0,42 

0,32 

0,22 

0,11 

0,00 

20 

0,41 

0,35 

0,29 

0,22 

0,15 

0,08 

0,00 

25 

0,21 

0,18 

0,  15 

0,  11 

0,08 

0,  0+ 

0,00 

III 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,21 

0,  18 

0,  15 

0,11 

0,08 

0,04 

0,00 

10 

0,41 

0,35 

0,29 

0,  22 

0,15 

0,08 

0,00 

15 

0,60 

0.51 

0,42 

0,32 

0,22 

0,  11 

0,00 

20 

0,76 

0,  e5 

0,53 

0.41 

0,  28 

0,  14 

0,00 

25 

0,90 

0,77 

0,63 

0,48 

0.33 

0,17 

0,00 

TV. 

_  0 

0,99 

0,85 

0.70 

0,54 

0.37 

0,  19 

0,00 

5 

1,0G 

0,91 

0,75 

0,58 

0,40 

0,20 

0,00 

10 

1,  11 

0,95 

0.78 

0,60 

0,41 

0.21 

0,00 

15 

1,  11 

0,95 

0.78 

0,60 

0,41 

0,21 

0.00 

20 

J,  10 

0,92 

0,76 

0,58 

0.39 

0,20 

0,00 

25 

1,01 

0,86 

0,71 

0,55 

0,38 

0,  19 

0,00  . 

V 

—  0 

0,92 

0,79 

0,65 

0.50 

0,34 

0,17 

0,00 

S 

0,81 

0,69 

0,57 

0,44 

0,30 

0,15 

0,00 

10 

0,68 

0,58 

0,47 

0,36 

0,25 

0,13 

0,00 

15 

0,52 

0,45 

0,37 

0,28 

0,  19 

0,  10 

0,00 

20 

0,35 

0,35 

0,25 

0.  19 

0,  13 

0.07 

0,00 

25 

0.18 

0,  IS 

0,13 

0,  10 

0,07 

0,04 

0,00 

VI. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0.00 

0,00 

(     S74     ) 


TABLE  XLI.    Continued. 
EquaHom  to  Equal  AlHiudes.    Table  II. 


Half  Interval  between  the  Observatic 

>nf«  ' 

Sun's 
Loogitude. 

H.   iC 

H.   Bf. 

H.  M. 

H.  M. 

H.   M. 

H.   M. 

H.  M. 

I.  30 

I.  40 

1.  50 

2.    0 

2.  10 

2.  20 

2.  30 

s. 

D. 

s. 

s. 

8. 

s. 

& 

s. 

8. 

VI. 

+  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

aoo 

5 

0,49 

0,48 

0,48 

0,47 

0,46 

0,45 

0,44 

10 

0,97 

0,06 

0,95 

0,93 

0,91 

0,89 

0,87 

15 

1,43 

1,42 

1,40 

1,37 

1,35 

1,32 

1,29 

20 

1,84 

1,84 

1,81 

1,78 

1,75 

1,72 

1,68 

25 

2,25 

2,22 

2,  19 

2,  15 

2,11 

2,07 

2,08 

VII. 

+  0 

2,58 

2,55 

2,51 

2,47 

2,43 

2,38 

2,38 

5 

2,85 

2,81 

2,77  . 

2,72 

2,67 

2,62 

9,56 

10 

8,04 

3,00 

2,95 

2,90 

2,85 

2,79 

2,78 

/ 

15 

3,  14 

3,  10 

3,05 

3,00 

2,94 

2,88 

2,82 

20 

3,14 

3,10 

3,06 

3,01 

2,95 

2,89 

%8S 

25 

3,05 

3,01 

2,97 

2,92 

2,87 

2,81 

%75 

VIII. 

+  0 

2,86 

2,82 

2,78 

2,73 

2,68 

2,68 

2,57 

5 

2,57 

t,SS 

2,49 

2,45 

2,41 

2,86 

2,31 

10 

2,  18 

2,15 

2,12 

2,08 

2,05 

2,01 

1,96 

15 

1,71 

1,69 

1,67 

1,64 

1,61 

1,58 

1,54 

20 

1,  18 

1,17 

1,  15 

1,  13 

1,11 

1,09 

1,06 

^ 

0,60 

0,60 

0,59 

0,58 

0,57 

0,55 

0,54 

IX. 

0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

■ 

5 

0,60 

0,60 

0,59 

0,58 

0,.57 

0,55 

0,54 

10 

1,18 

1,17 

1,  15 

1,  13 

1,11 

1,09 

1,06 

15 

1,72 

1,70 

1,67 

1,64 

l,til 

1,58 

1,54 

20 

2,  19 

2,  16 

2,  13 

2,09 

2,  05 

2,01 

1,97 

25 

2;  58 

2,54 

2,50 

2,46 

2,42 

2,37 

2,32 

X- 

—  0 

2,87 

2,83 

2,79 

2,79 

2,70 

2,64 

2,58 

5 

3,06 

3,03 

2,99 

2,94 

2,88 

2,82 

2,76 

10 

3,  16 

3,  12 

3,08 

3,03 

2,97 

2,91 

2,85 

15 

3,  16 

8,  12 

3,07 

3,02 

2,97 

2,91 

2,84 

20 

3,06 

3,02 

2,98 

2,93 

2,88 

2,82 

2,76 

25 

2,87 

2,84 

2,80 

2,75 

2,70 

2,64. 

2,58 

XL 

—  0 

2,60 

2,57 

2,  tyv 

2,50 

2,45 

2,40 

2,35 

5 

2,27 

2,24 

2,21 

%  18 

2,  14 

2,  JO 

2,05 

10 

1,88 

1,86 

1,83 

1,80 

1,77 

1,73 

1,69 

15 

1,45 

1,43 

1,41 

1,39 

1,36 

1,33 

1,  30 

20 

0,99 

0,97 

0,96 

0,94 

0,92 

0,90 

0,88 

25 

0,50 

0,49 

0,48 

0,47 

0,47 

0,46 

0,45 

XII. 

—  0 

0,00 

• 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

(     375     ) 


TABLE    XLI.    ConHmei. 


Equations  to  Equal  Altitudes,    Table  II. 


— 

Half  Interval  bctweeu  the  Observations. 

SlMl's 

Longitude. 

H.    M. 

H.    M. 

H.    M. 

u.   H. 

H.    M. 

H.    M. 

H.    M. 

2.  40 

2.  50 

3.     0 

3.  10 

3.  20 

3.  30 

3.  40 

s. 

D. 

s. 

s. 

s. 

s. 

s. 

8. 

s. 

VI. 

+  0 

0,00 

0,00 

0,00 

0,  00 

0,00 

0,00 

0,00 

5 

0,43 

0,42 

0,41 

0,39 

0,38 

0^36 

0,35 

10 

0,  85 

0,  83 

0,  81 

0,78 

0,75 

0,72 

0,69 

15 

l,2d 

1,22 

1,19 

1,15 

1,11 

1,06 

1,02 

' 

20 

1,64 

1,59 

1,54 

1,49 

1,44 

1,38 

1,32 

25 

1,98 

1,92 

1,86 

1,  80 

1,74. 

1,67 

J,  60 

VII, 

+  0 

2,27 

2,21 

2,  14 

2,07    . 

2,00 

1,.02 

1,  83 

5 

2,50 

2,43 

2,36 

2,28 

2,  20 

2,  11 

2,02 

10 

'     2,66 

2,59 

2,  55 

2,43 

2,34 

2,25 

2,  J5 

15 

2,75 

2,68 

'2,60 

2,51 

2,42 

2,32 

2,22 

20 

2,76 

2,68 

2,60 

2,52 

2,43 

2,33 

2,23   ■ 

25 

ftyG^ 

2,60 

2,  52 

2,44 

2,35   : 

i2,  26 

2, 16  ; 

VUL 

+  0 

2,  51 

2,44 

2,37 

2,29 

2,21 

2,  12 

2,03 

5 

2,  25 

2,19 

2,  12 

2,05 

1,98 

1,90 

1,82 

ilO 

1,91 

1,86 

1,81 

1,75 

1,69 

1,62 

1,55 

15 

1,  50 

1,46 

1,42 

1,37 

1,  32 

1,27 

1,22 

20 

1,04 

1,01 

0,98 

0,95 

0,  .91 

0,88 

0,  84 

25 

0,53 

0,51 

0,50 

0,48 

0,47 

0,45 

0,  43  . 

IX. 

—  0 

0,  00 

0,  00 

0,00 

0,00 

0,00 

0,  00 

0,00 

5 

0,53 

0,  51 

0,  50 

0,48 

0,47 

0,  4i» 

0,43 

10 

1,  04 

1,01 

0,98 

0,95 

0,91 

0,  88 

0,84 

15 

1,51 

1,47 

1,42   . 

1,38 

1,33 

1,27  - 

1,22 

20 

1,92 

1,87 

1,81 

1,75 

1,69 

1,61^ 

1,55 

25- 

2,26 

2,20 

2,  13 

• 

2,06 

1,99 

1,91 

1,83 

X. 

—  0 

2,52 

2,45 

2,38 

2,  30 

2,22 

2,13 

2,04 

5 

2,69 

2,62 

2,54 

2,46 

2,37 

2,28 

•    2,  18 

10 

2,78 

2,70 

2,62 

2,53 

2,44 

.  2,34 

2,24 

15 

2,77 

2,70 

2,62 

2,53 

2,44 

2,34  • 

2,24 

20 

^.69 

2,61 

2,53 

2,45 

2,36 

2,27 

2,17 

Z5 

2,52 

2,45 

2,38 

2,30 

2,22 

2,  13 

2,04 

XI. 

—  0 

2,29 

2,?3 

2,  16 

2,09 

2,01 

1,93 

1,85 

5 

2,00 

1,9+ 

1,  88 

1,  82 

1,76 

1,69 

1,61 

10 

1,65 

1,61 

1,56 

1,51 

1,46 

1,40 

.    1,34 

15 

1,27 

1,24 

1,  20 

1,  16 

1,14 

1,08 

1,03 

20 

0,  86 

0,  84 

0,81 

0,79 

0,76 

0,73 

0,70 

25 

0,43  ' 

/),  42 

0,41 

0,49 

0,3$ 

0,  37: 

■  •      « 

0,35  : 

XII. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

(     *7«    ) 


TABLE  XLI.   Continued. 
Equations  to  Equal  Altitudes.    Table   IL 


' 

n 

Half  Intenral  between  the  Obsenrations. 

Longitude. 

H.   M. 

U.  M. 

U.  M* 

H.  M. 

H.    M. 

U.   M. 

B.  M. 

3.50 

4.    0 

4.  10 

4.20 

4.30 

4.  40 

- 

4.50 

s. 

D. 

8. 

8. 

8. 

s. 

s. 

s. 

8. 

VI. 

+  0 

0»00 

0,00 

0,00 

0,00 

0,00 

0,00 

aoo 

5 

o,ss 

0,31 

0,29 

0,27 

0,25 

0,23 

0,21 

10 

0,66 

0,62 

0,58 

a  54 

0,50 

0,46 

0,41 

15 

0,97 

0,91 

0,86 

0,80 

0,74 

0,67 

0,60    t 

20 

1,26 

1,19 

1,12 

1,04 

0,96 

0,87 

0,78 

25 

1,52 

1,44 

1,35 

1,26 

1,  16 

1,06 

0,95 

VIL 

+  0 

1,74 

1,65 

1,55 

1,4^ 

1,33 

1,21 

1,09 

5 

1,92 

1,82 

1,71 

1,59 

1,47 

1,34 

1,20 

10 

2,05 

1,94 

1,82 

1,69 

1,56 

1,42 

1,28 

' 

15 

2,11 

2,00 

1,88 

1,75 

1,61 

1,47 

1,32 

20 

2,  12 

2,00 

1,88 

1,75 

1,62 

1,47 

^    1,32 

25 

2,06 

1,95 

1,83 

1,70 

1,57 

1,43 

1,28 

VIII. 

+  0 

1,98 

1,82 

1,71 

1,59 

1,47 

1,34   . 

1,20 

B 

1,73 

1.63 

1,53 

1,43 

1,32 

1,90 

1,08 

10 

1,47 

1,89 

1,31 

1,22 

1,  12 

1,02 

0,92 

15 

1,16 

1,09 

1,02 

0,96 

0,88 

0,80 

0,72 

20 

0,80 

0,75 

0,71 

0,66 

0,61 

0,55 

0,.50 

J 

25 

0,41 

0,38 

0,36 

0,34 

0,31 

0,28 

0,25 

IX. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,41 

9,38 

0,36 

0,34 

0,31 

0,28 

0,25 

10 

aso 

0,75 

0,71 

0,66 

0,61 

0,55 

0,50 

15 

1,16 

1,  10 

1,03 

0,96 

0,88 

0,80 

0,72 

20 

1.47 

1,39 

1,  31 

1,22 

1,  13 

1,03 

0,92 

25 

1,74 

1,64 

1,54 

1,44 

1,33 

1,21 

1,08 

X. 

~  0 

1,94 

1,83 

1,72 

1,60 

1,48 

1,35 

1,21 

5 

2,07 

1,96 

1,84 

1,71 

1,58 

1,44 

1,29 

10 

2,13 

2,02 

1,90 

1,77 

1,63 

1,48 

1,33 

1 

15 

2,  13 

2,01 

1,89 

1,76 

1,62 

1,48 

1,33 

1 

20 

2,06 

1,95 

1,83 

1,71 

1,58 

1,44 

1,29 

" 

25 

1,94 

1,83 

1,72 

1,60 

1,48 

1.35 

1,21 

XL 

—  0 

1,76 

1,66 

1,56 

1,45 

1,34 

1,22 

1,09 

5 

1,53 

1,45 

1,36 

1,27 

1,17 

1,07 

0,96 

■• 

10 

1,27 

1,20 

1,  13 

1.05 

0,97 

0,88 

0,79 

15 

0,98 

0,93 

0,87 

0,81 

0,75 

0,68 

0,61 

20 

0,66 

0,63 

0,59 

0,55 

0,51 

0,46 

0,41 

25 

0,33 

0,32 

0,30 

0,28 

0,26 

0,23 

0,21 

XII. 

—  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

k 

» 

•(     377     ) 


TABLE  XLI.    Continued. 


Equations  to  Equal  Altitudes.    Table  II. 


Sun's 

Half  Interval  between  the  Observations. 

~~1 

k 

Longitude. 

H.   M. 

H*    Af* 

XI.    Sd[. 

H.   M. 

H.   M. 

XI.    M« 

H.   M. 

5.     0 

5.  10 

5.  20 

5.  SO 

5.  40 

5.  50 

6.     0 

s.                 D. 

s. 

s. 

s. 

s. 

s. 

s. 

s. 

VI,      +     0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

5 

0,18 

0,15 

0,13 

0,10 

0,07 

0,04 

0,00 

10 

0,36 

0,31 

0,25 

0,19 

0,13 

0,07 

0,00 

15 

0,53 

0,45 

0,37 

0,29 

0,20 

0,10 

0,00 

20 

0,69 

0,59 

0,48 

0,37 

0,26 

0,13 

0,00 

25 

0,83 

0,71 

0,58 

0,45 

0,31 

0,16 

0,00 

VII.     +    0 

0,96 

0,82 

0,67 

0,52 

0,35 

0,18 

0,00 

5 
10 

1,05 

0,90 

0,74 

0,57 

0,39 

0,20 

0,00 

1,12 

0,96 

0,79 

0,61 

0,42 

0,21 

0,00 

15 

1,16 

0,99 

0,81 

0,63 

0,43 

0,22 

0,00 

20 

1,16 

0,99 

0,82 

0,63 

0,43 

0,22 

0,00 

25 

1,13 

0,96 

0,79 

0,61 

0,42 

0,21 

0,00 

VIII.    +    0 
5 

1,05 

0,90 

0,74 

0,57 

0,39 

0,20 

0,00- 

0,95 

0,81 

0,66 

0,51 

0,35 

0,18 

0,00 

10 

0,81 

0,69 

0,57 

0,44 

0,30 

0,15 

•0,00 

15 

0,63 

0,54 

0,44 

0,34 

0,23 

0,12 

0,00 

20 

0,44 

0,37 

0,31 

0,24 

0,16 

0,08 

0,00 

25 

0,22 

0,19 

0,16 

0,12 

0,08 

0,04 
0,00 

0,00 

IX.      —  0 

0,00 

0,00 

0,00 

0,00 

0,00 

-  0,00 

5 

0,22 

0,19 

0,16 

0,12 

0,08 

0.04 

0,00 

10 

0,44 

0,37 

0,31 

0,24 

0,16 

Oy08 

•0,00 

15 

0,64 

0.55 

0,45 

0,35 

0,24 

0,12 

0,00 

20 

0,81 

0,69 

0,57 

0,44 

0,30 

0,15 

0,00 

25 

0,95 

0,81 

0,67 

0,51 

0,35 

0,18 

-  0,00 

X.              0 

1,06 

0,91 

0,75 

0,57 

0,39 

0,20 

0,00 

5 

1,13 

0,97 

0,80 

0,61 

0,42 

0,22 

0,00 

10 

1,17 

1,00 

0.82 

0,63 

0,43 

0,22 

0,00 

15 

1,17 

1,00 

0,82 

0,63 

0,43 

0,22 

•0,00 

20 

1,13 

0,96 

0,79 

0,61 

0,42 

0,21 

0,00 

25 

1,06 

0,91 

0,75 

0,57 

0,39 

0,20 

0,D0 

XL     —     0 

0,96 

0,82 

0,67 

0,52 

0,36 

0,18 

0,00 

5 

0,84 

0,72 

0,59 

0,45 

0,31 

0,16 

0,00 

10 

0,70 

0,60 

0,49 

0,38 

0,26 

0,13 

0,00 

15 

0,54 

0,46 

0,38 

0,29 

0,20 

0,10 

0,00 

20 

0,36 

0.31 

0,25 

0,19 

0,13 

0,07 

0,00 

25 

0,18 

0,16 

0,13 

0,10 

0,07 

0,04 

0,00 

XII.     —  0 

0,00 

0,00 

0,00 

0,00 

0,00 

0,00 

'0,00 
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TABLE  XLIII. 


Semi-Diumal  Arcs. 


Latitude  and  DeeKmttion  of  ^  tame  kind. 


XT 

1 

LATITUDE. 

■  . 

P 

^ 

2^ 

y 

4° 

5' 

6^ 

r 

8» 

y 

D. 

If*  la* 

H. 

M. 

H*  M« 

U.  M. 

H.  M* 

H.  M. 

H.  If. 

H.  if. 

H.  IC. 

I 

6.  2 

6. 

2 

6.  2 

&  2 

6.  2 

6.  8 

6*  8 

6.  8 

6.  8 

2 

6.  2 

6. 

2 

6.  8 

6.  3 

6*  8 

6.  3 

6.  8 

6.  8 

a  8 

S 

6.  2 

6* 

8 

6.  3 

6.  3 

6*  8 

6.  8 

6*  4 

6.  4 

6.  4 

« 

6.  2 

6. 

8 

6.  8 

6.  8 

6*  4 

6.  4 

6.  4 

6.  4 

6.  5 

5 

6.  2 

6* 

8 

6.  8 

6*  4 

6*  4 

6.  4 

6*  5 

6.  5 

6.  5 

6 

6.  S 

6- 

8 

6.  8 

6.  4 

6.  4 

6*  4 

6.  5 

6.  6 

6.  6 

r 

a  S 

6. 

8 

6.  4 

6-  4 

6.  5 

6.  5 

6.  6 

6.  6 

6.  7 

8 

6.  8 

6. 

8 

6.  4 

6.  4 

6*  5 

6*  5 

6.  6 

B.    7 

6.  7 

9 

6.  8 

6. 

8 

6.  4 

6.  5 

6.  5 

6*  6 

6.  7 

6.  7 

6.  8 

10 

6.  8 

6. 

4 

6*  4 

6.  5 

6.  6 

6.  6 

6.  7 

%    8 

6.  9 

11 

6.  8 

6. 

4 

6*  4 

6.  5 

6.  6 

6.  7 

6.  8' 

16*  8 

6.  9 

12 

6.  8 

6. 

4 

6.  5 

6.  6 

6.  6 

6*  7 

6.  6 

■6.  9 

6.  lO 

IS 

6.  3 

6. 

4 

6.  5* 

6.  6 

6.  7 

6.  8 

6.  9 

6.  10 

6.  11 

U 

6.  8 

6* 

4 

6.  5 

6-  6 

6.  7 

6*  8 

6.  9 

6*  10 

6.  11 

15 

6.  8 

6. 

4 

6.  5 

6.  6 

6.  8 

6.  9 

a.  10 

6.  11 

6.  12 

16 

6-  8 

6. 

4 

6.  6 

6.  7 

6.  8 

6.  9 

6.  10 

6.  11 

6.  13 

17 

6.  8 

6. 

5 

6.  6 

6.  7 

6.  8 

6.  10 

6*  11 

6.  12 

6.  13 

18 

6.  4 

6. 

5 

6.  6 

6.  7 

6.  9 

6.  10 

6.  11 

6*  18 

6.  14 

19 

6.  .4 

6. 

5 

6.  6 

6.  8 

6.  9 

6.  11 

6.  12 

6.  18 

6.  15 

20 

6.  4 

6. 

5 

6*  7 

6.  8 

6.  9 

6.  11 
6.  12 

6.  12 

6*  14 

6.  15 

21 

6.  4 

6. 

5 

6.  7 

6.  8 

6.  10 

6.  IS 

6.  15 

6.  16 

22 

6.  4 

6. 

6 

6,  7 

6.  8 

6*  10 

6.  12 

6.  14 

6.  15 

6.  17 

23 

6.    4 

6. 

6 

6.  7 

6.  9 

6.  11 

6.  13 

6.  14 

6.  16 

6.  18 

U 

6.  4 

6* 

6 

6*  8 

6.  9 

6.  11 

6.  IS 

6.  15 

6.  17 

6-  19 

25 

•  6.  4 

6. 

6 

6.  8 

6.  10 

6.  12 

6.  14 

6.  15 

6*  17 

6.  19 

26 

6*  4 

6. 

6 

6*  8 

6.  10 

6.  12 

6.  14 

6.  16 

6.  18 

6.  20 

27 

6.  4 

6. 

6 

6.  8 

6.  11 

6.  13 

6.  15 

6.  17 

6*  19 

6.  21 

28 

6.  5 

6. 

7 

6.  9 

6.  11 

6.  13 

6.  15 

6.  17 

6.  20 

6.  22 

29 

6.  5 

6. 

7 

6.  9 

6.  11 

6.  14 

6.  16 

6.  18 

6.  20 

6.  23 

30 

6.  5 

6. 

7 

6.  9 

6.  12 

6.  14 

6.  16 

6.  19 

6.  21 

6.  23 

31 

6.  5 

6. 

7 

6.  10 

6.  12 

6.  15 

6.  17 

6.  19 

6.  23 

6*  24 

32  1 

6.  5 

6. 

7 

6.  10 

6.  12 

6.   15 

6.  18 

6.  20 

6.  23 

6.  25 
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TABLE  XLIIL    ConUnued. 
Semi-Diumal  Arcs. 


Ladtude  and  Declination  of  the  tame  kind. 


■^  « 

1  ~         * 

5° 

U^TITUDE 

• 

* 

• 

10* 

11* 

120 

13* 

14« 

15** 

16° 

17" 

18^ 

D. 

Ht   Jtt* 

6.  3 

It*  M* 

H.  M. 

H«  M> 

H.  M. 

H.  M. 

R.  M. 

H.  M. 

1 

6.   a 

6.  3 

6.  3 

6.  3 

6.  3 

6.  3  . 

6.  3 

6.   4 

2 

6.    4 

6.  4 

6.  4 

6.  4 

6.  4 

6.  4 

6.  4 

6.  5 

6.  5 

3 

6.    4 

6.  4 

6.  5 

6.  5 

6.  5 

6.  5 

6.  6  . 

6.  6  . 

6.  6 

4 

6.  5 

6.  5 

6.  6 

6.  6 

6.  6 

6.  6 

6.  7 

6.  7 

6.  7 

5 

6.  6 

6.  6 

6.  6 

6.  7 

6.  7 

6.  8 

6.  8 

6.  8 

6.  9 

6 

6.  6 

6.  7 

6.  7 

6.  8 

6.  8 

f  •  3 

6.  9 

6.  10 

6.  10 

7 

6.    7 

6.  8 

6.  8 

6.  9 

6.  9  ^ 

6.  10 

6.  10 

6.  11  . 

6.  11 

8 

6.     8 

6.  8 

6.  9 

6.  10 

6.  10 

6.  11 

6.  11  J 

6.  12 

6.  13 

9 

6.  9 

6.    9 

6.  10 

6.  11 

6.  11 

6.  12 

6.  13 

6.  13 

'6.  14 

10 

6.    9 

6.  10 

6.  U 

6.  12 

6.  12 

6.  13 

6.  14 

6.  15 

6.  15 

11 

6.  10 

6.  11 

6.  12 

6.  13 

6.  13 

6.  14 

6.  15 

6.  16 

6.  17 

12 

6.  11 

6.  12 

6.  13 

6.  14 

6.  14 

6.  15 

6.  16 

6.  17 

6.  18 

13 

6.  12 

6.  12 

6.  13 

6.  15 

6.  15 

6.  16 

6.  17 

6.  18 

6.  19 

14 

6.  12 

6.  13 

6.  14 

6.  15 

6.  16 

6.  18 

6.  19 

6.  20 

6.  21 

15 

6.  13 

6.  14 

6.  15 

6.  16 

6.  18 

6.  19 

6.  20 

6.  21 

6,  22 

16 

6.  14 

6.  15 

6.  16 

6.  17 

6.  19 

6.  20 

6.  21 

6.  22 

6.  24 

17 

6\  15 

6.  16 

6.  17 

6.  18 

6.  20 

6.  21 

6.  22 

6.  24 

6.  25 

18 

6.   15 

6.  17 

6.  18 

6.  19 

6.  21 

6.  22 

6.  24 

6.  25 

6.  27 

19 

6.  16 

6.  18 

6.  19 

6.  21 

6.  22 

6.  23 

6.  25 

6.  27 

6.  28 

20 

6.  17 

6.  19 

6.  20 

6.  22 

6.  23 

6.  25 

6.  26 

6.  28 

6.  30 

21 

6.  18 

6.  19 

6.  21 

6.  23 

6.  24 

6.  26 

6.  28 

6.  29 

6.  31 

22 

6.  19 

6.  20 

6.  22 

6.  24 

6.  25 

6.  27 

6.  29 

6.  31 

6.  33 

23 

6.  19 

6.  21 

6.  23. 

6.  25 

6.  27 

6.  28 

6.  30 

6.  32 

6.  34 

24 

6.  20 

6.  22 

6.  24 

6.  26 

6.  28 

6.  30 

6.  32 

6.  34 

6.  36 

25 

6.  21 

6.  23 

6.  25 

6.  27 

6.  29 

6.  31 

6.  33 

6.  35 

6.  37 
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5.  l6 

5.  14 

5.  12 

5.  10 

5.  8 

5.  S 

21 

5.  17 

5. 

15 

5.  13 

5.  11 

5.  .9 

5.  7 

5.  5 

5.  3 

22. 

5.  15 

5. 

13 

5.  11 

5.  9 

5.  7 

5.  4 

5.  2 

5.  0 

23 

5.  13 

5. 

10 

5.  8 

5.  6 

5.  4^ 

5.  1 

4.  59 

4.  56 

24  . 

5.  10  . 

5. 

8 

5.  6 

5.  3 

5.  1 

4.  58 

4.  56 

4.  53 

I 

25 

5.  ;  8 

5. 

5 

5.  3 

5.  0 

4.  58 

4.  5? 

4.  5{2 

4.  50 

26 

5.  5. 

5. 

3 

5.  0 

4.  57 

.  4.  55 

4.  512  < 

4'.  4]9 

4.  46 

27 
28 

5.  '3 
5.  !  Or 

5. 
4. 

0 

57 

4.  67 
4.  54 

4.  54 
4.  51 

4.  52 
4.  48 

4.  40- 
4.  45 

• 

4;-«Cl 
•  ^  4fe 

.L  1-   r  , 

4.  43 
4.  39 

«9 

4.  67* 

4. 

54 

1 

4.  51 

4.  48 

4.  45 

4.  4$ 

;  *:  4 ' 

4.  35 

30 

4.  b4i 

'  .4. 

51V! 

4.  49 

4.  45 

4.  42 

4.  3$ 

•  4Jt  3} 

•  4.  31 

31 

4.  62 

4. 

4a. 

4.  4» 

4.  42 

4.  38 

4.  35 

4;-«- 

4.  28 

. 

32 

4.  49 

4. 

45 

4.  42 

4.  38 

1 

4.  35 

4«31 

4.  27 

4.  24 

i 
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TABLE  XUIL    Continued. 


Stmi-Dhtmal  Arcs,. 


I2ukade  and  Declination  of  £ffirtnt  idndi. 


[ 

( 

1 

LATITUDE. 

1 

• 

ar 

36* 

37* 

38^ 

39' 

40' 

41* 

42' 

IK 

H.  M. 

II.  M. 

II.  M. 

H.  M. 

R.  M. 

U.  M. 

n.  M. 

H.  M. 

1 

5 

4 

a  0 

5.  57 
5.  54 
5.  51 

6.  0 
5.  57 
5.  54 
5.  51 

6.  0 

5.  57 
5.  54 
5.  51 

6.  0 
5.  56 
5.  53 
5.  50 

5.  59 
5.  56 
5.  53 
5.  50 

5.  59 
5.  56 
5.  53 
5.  49 

5.  59 
5.  56 
5.  52 
5.  49 

6.  59 

5.  56 

5.  52 

^  5,  48 

• 

5 

1 
8 

&  49 
5.  46 
5.  43 
5.  40 

5.  97 
5.  54 
5.  SI 

5.  «B 

5.  48 
5.  45 
5.  42 
5.  39 

5.  48 
5.  44 
5.  41 
5.  38 

5.  47 
5.  44 
5.  41 
5.  37 

5.  46 
5.  43 
5.  40 
5.  37 

5.  46 
5.  43 
5.  39 
5.  36 

5.  45 
5.  42 
5.  38 
5-  35 

5.  45 
5.  41 

5.  .37 

5.  34 

j  ^ 

9 
10 

itf 

13 
14 
15 
U5 

5.  36 
5.  38 
5.  SO 
5.  27 

5.  35 
5.  32 
5.  29 
5.  26 

5.  34 
5.  31 
5  28 
5.  25 

5.  S3 
5.  80 
5.  27 
5.  28 

5.  32 
5.  29 
5.  25 
5.  22 

5.  SI 
5.'«8 
5.^ 
5.  20 

5.  SO 
5.  26 
5.  03 
5.  19 

5.  25 
5.  5?2\ 
5,  19 
5.  16 

5.  24 
5.  21 
5.  18 
5.  15 

5.  23 
5.  19 
5.  16 
5.  13 

5.  21 
5.  18 
5.  14 
5.  11 

5.  20 
5.  16 
5.  13 
5.  9 

5.  18 
5.  15 
5.  n 
5.  7 

5.  17 
5.  13 
5.  9 
5.  5 

5-  15  * 
5.  11 
5.  7 
5.  3 

' 

17 
18 
W 
«0 

VI 

S}» 
5)0 

Li. 

5.  13. 
5.  10 
5.  7 
5.  4 

5.  1 
4.  57 
4.  5t 
4.  50 

5.  n 
5.  ^< 
5.  5 
5.  2 

5.  10 
:>.  G 
5.  3 
4.  59 

5.  8 
5.  4 
5.  0 
4.  57 

5.  6 
5.  2 
4.  .58 

4.  r4 

5.  4 
4.  59 
4.  B(S 
4.  52 

5.  1 

4.  .57 
4.  53 
4.  4^ 

4.  59 
4.  5:i 
4.  51 

4.  47 

• 

4.  58 
4.  5.> 
4.  51 
4.  48 

4.  5() 
4.  52 
4.  49 
4.  45 

4.  53 

4.  49 

4.  46 

-  4.  42 

4.  S\ 

4.  4.7 
4.  43 
4.  39 

4.  48 
4.  44 
4.  40 
4.  35 

4.  45 

4.  41 

,  4.  37 

1  4.  S2 

4.  42 
4.  38 
4.  S3 
4.  29 

• 

4.  47 
4.  43 
4.  39 
4.  36 

4.  Sfi 

4 
i 

4.  44^ 
4.  40 
4.  36 
4.  32 

4.  41 
4.  36 
4.  33 
4.  29 

4.  38 

4.  34 

4.  29 

-  4.  25 

4.  34 
4.  30 
4.  26 
4.  21 

4.  31 
4.  27 
4.  22 
4.  17 

4.  28 
4.  23 
4.  18 
4.  13 

4.  24 
4.  19 
4.  14 

4.  9 

• 

I  4s  28 

4  25 

'^  4;.«) 

4.  2J 

4.  16 

.  4.  12 

4.  17 
4.  12 
4.  7 
4.  2 

4.  IS 
4.  8 
4.  8 
3.  57 

4.  8 
4.  3 
3.  58 
3.  52 

4.  4 

3.  59 
3.  53 
3.  47 

I 

I- 

*- 1- 
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TABLE  XLIII.    Continued. 


Sani'D'acmai  Arcs. 


Latitude  and  Declination  of  different  kind*. 


DECLT 
NATIO. 

tf 

LATITUDE. 

* 

1 

a 
• 

?' 

43'» 

44° 

45'' 

46' 

470 

48^ 

49' 

50»  . 

D. 

U.  M. 

II.  M. 

H.  M. 

H.  M. 

n*  M* 

H. '  M. 

II«  M. 

H.  M. 

1 

5.  59 

5.  59 

5.  59 

5.  59 

5.  59 

5.  59 

5.  59 

5.  59  i 

2 

5.  55 

5.  55 

5.  55 

5.  55 

5.  55 

5.  54 

5.  54 

5.  54 

S 

5.  52 

5.  51 

5.  51 

5.  51 

5.   50 

5.  50 

5.  49 

5.  49 

4 

5.  48 

5.  47 

5.  47 

5.  46 

5.  46 

5.  45 

5.  45 

5.  44  ^ 

5 

5.  44 

5.  44 

5.  43 

5.  42 

5.  42 

5.  41 

5.  40 

5.  39 

6 

5.  40 

5.  40 

5.  89 

5.  38 

5.  37 

5.  36 

5.  35 

5.  35  ? 

7 

5.  37 

5.  36 

5.  35 

<L>»   k/T? 

5.  33 

5.  32 

5..  31 

5.  30  ' 

8 

5.  33 

5.  32 

5-  31 

5.  30 

5.  28 

5.  27 

5.  26 

5.  25  ' 

9 

5.  29 

5.  28 

5.  27 

5.  25 

5.  24 

5.  23 

5.  21 

5.  20  t 

10 

5.  25 

5.  24 

5.  22 

5.  21 

5.  20 

5.   18 

5.  17 

5.  15  • 

•11 

5.  21 

5.  20 

5.  18 

5.  17 

5.  15 

5.  13 

5.  12 

5.  10  i 

12 

5.  17 

5.  16 

5.  14 

5.  12 

5.  11 

5.  9 

5.  7 

5.  5  , 

1 

13 

5.  13 

5.  12 

5-  10 

5.  8 

5,  6 

5.   4; 

5,  2- 

'  ■  *  f 

s.,.o 

14 

5.    9 

5.  7 

5.  5 

5.  3 

5,  1 

4^59 

V?7V 

,4..W 

15 

5.  5 

5.  3 

5.  1 

4.  59 

4,  57 

4c  54- 

4,,^2- 

'  4.  ,i9 

16 

5.  1 

4.  59 

4-  57 

4.  54 

4^  52 

4.  49 

.  4:  46 

*•  .45  j 

17 

4.  57 

4.  55 

4.  52 

4.  50 

4,  47- 

4.  44 

4..4I- 

4.  38 

as 

4.  53 

4,  50 

4.  47 

4.  45 

4.  42 

4,  39. 

4.  36 

.  4.  .33  , 

19 

4.  48 

4.  46 

4.  43 

4.  40 

4,  37 

[  4.-34 

4.  30 

4.  .27 

20 

4.  44 

4.  41 

4.  38 

4.  35 

4.  32 

'  4.  28 

4.  25 

4,  21 

21 

4.  39 

4.  36 

4.  33 

4,  30 

4.  26. 

4;  23 

4,  19 

4. 15 ; 

22 

4.  S5 

4.  32 

4.  28 

4,  25 

4*  21 

4-  17 

4.  .13 

4.  9  1 

23 

4.  30 

4,  27 

4.  23 

4.  19 

4-  15 

4.  11 

4.  7. 

4...  3 

24 

4.  25 

4.  22 

4.  18 

4.  14  . 

4-  10 

4.  5 

4.  1 

3.  56  , 

25 

4.  20 

4.  17 

4.  13 

4.  8 

'  4,  4 

3.  59' 

»)»  »^T 

3.  ,49 

26 

4.  15 

4.  11 

4.  7 

4,  3 

3.  58. 

3.  .53 

3..  48 

3.  42 

27 

4.  10 

4.  6 

4.  1 

3.  57 

3.  52 

3.  4-6. 

3,  41 

3.  35 

28 

4.  5 

4.  0 

3.  55 

3.  50 

3.  45 

3.  40 

3.  34 

3.  28 

29 

3.  59 

3.  54 

3«  49 

3.  44 

3,  38' 

3.-33 

3,  26 

3.  20 

SO 

3.  54 

3.  48 

3.  43 

3.  37 

3,  31 

♦  3.. '25 

3.  18 

3.  11 

31 

3.48 

3.  42 

3.  37 

.3.  31 

3.24^ 

.3,  17 

3.  10 

3.  3 

32 

.  3..42 

3.  36 

3.  30  . 

8.  23 

3-  17 

•  3.  9 

3.  2 

2.  53 
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TABLE  XLIII.    ConUnued,. 
Setni-Ditimal  Arcs. 

Latitude  and  Declination  of  different  kinds. 


DECLI- 
NATION. 

LATITUDE. 

t 

51'* 

d2*» 

53*^ 

54*^ 

55° 

56° 

57" 

58* 

D. 

II.  M. 

11.  M. 

IF.  M. 

ir.  M. 

11.  M. 

II.  M. 

H.  M. 

n.  M. 

1 

5.  58 

5.  58 

5.  58 

5.  58 

5.  58 

5.  58 

5.  58 

5.  5S 

2 

5.  53 

5.  53 

5.  53 

5.  5:^ 

5.  52 

5.  52 

5.  52 

5.  51 

3 

5.  49 

5.  48 

5.  48 

5.  47 

5.  47 

5.  46 

5.  45 

5.  45 

4 

5.  44 

5.  43 

5.  42 

5.  42 

5.  41 

5.  40 

5.  39 

5.  38 

5 

5.  39 

5.  3S 

5.  37 

5.  36 

5.  35 

5.  34 

5.  33 

5.  32 

6 

5.  34 

5.  33 

5.  31 

5.  30 

5.  29 

5.  28 

5.  27 

5.  25 

7 

5.  29 

5.  27 

5.  26 

5.  25 

5.  23 

5.  22 

5.  20 

5.  19 

8 

5.  23 

5.  22 

5.  21 

5.  19 

5.  17 

5.  16 

5.  U 

5.  12 

9 

5.  18 

5.  I? 

5,  16 

5.  13 

5.  12 

5,  10 

5.  8 

5.  5 

10 

5.  13 

5.  11 

5.  10 

5.  8 

5.  5 

5.  3 

5.  1 

4.  59 

ii 

5.  8 

5.  6 

5.  4 

5.  2 

4.  5y 

4.  57 

4.  54 

4.  52 

12 

5.  3 

5.  0 

4.  58 

4.  56 

4.  53 

4.  51 

4.  48 

4.  45 

13 

4.  57 

4.  5.) 

4.  52 

•  4.  50 

4.  47 

4.  44 

4.  41 

4.  38 

U 

4.  52 

4.  49 

4.  47 

4.  44 

4.  41 

4.  37 

4.  34 

4.  30  ' 

1.5 

4.  46' 

4.  44 

4.  41 

4.  37 

4.  34 

4.  31 

4.  27 

4.  23 

16 

4.  41 

4.  38 

4.  34 

4.  31 

4.  27 

.4.  24 

4.  20 

4.  15 

17 

4.  35 

4.  32 

4.  28 

4.  23 

4.  21 

4.  17 

4.  12 

4.  8 

18 

4.  29 

4.  26 

4.  22 

4.  18 

4.  14 

4.  9 

4.   5 

4.  0 

19 

4.  23 

4.  19 

4.  15 

4.  11 

4.  7 

4.   2 

3.  56 

3.  51  ! 

20 

4.  17 

4.  13 

.   4.  9 

4.  4 

3.  59 

3.  54 

3.  49 

3.  43  ! 

1 

'  21 

4.  11 

4.  0 

4.  2 

.  3.  57 

3.  52 

r..  46 

3.  40 

3.  34 

22 

4.  4 

4.  0 

3.  55 

3.  60 

3^  44 

3.  S8 

3.  31 

3.  24 

23 

3.  58 

3.  53 

3.  47 

3.  42 

3.  36 

3.  29 

3.  23 

,  3.  15  ■ 

24 

3.  51 

3.  46 

3.  40 

3.  34 

3.  27 

3.  20 

3.  13 

3.  5  ' 

25 

3.  44 

3.  38 

3.  32 

3.  25 

3.  18 

3.  11 

3.  3 

2.  5:i 

26 

3.  37 

3.  30 

3.  24 

3.  17 

3.  9 

3.   1 

2.  52 

2.  42 

27 

3.  29 

3.  22 

3.  15 

3.  8 

2.  59 

2.  50 

•  2.  40 

2.  29 

28 

3.  21 

3.  14 

3.  6 

2.  58 

2.  49 

2.  38 

2.  28 
2.  14 

2.  15 

.  29 

3.  12 

3.  5 

2.  5G 

2.  4  7 

2.  :!,7 

2.  26 

2.  0 

30 

3.  4 

2.  55 

2.  46 

2.  2^6 

2  25 

2.  13 

1.  5S 

1.  41 

31 

2.  54 

2.  4  5 

2.  35 

2.  24 

2  12 

1.  57 

1.  41 

1.  19 

32 

2.  44 

2.  34 

2.  23 

2.  11 

1.  57 

1.  40 

1.  18 

5. 
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TABLE  XLIII.  Con^nmd. 


Senii'Dhtmal  Arcs. 

Latitude  aod  DecUnatton  of  different  kitxls. 


■■^ 

• 

LATITUDE. 

59» 

eer 

6P 

62* 

63« 

64^ 

esf" 

66^ 

D. 

II.  M. 

H.  M. 

H.  M. 

H.  M. 

H.  M. 

II.  M. 

H  M. 

H.  M* 

1 

5.  57 

5.  57 

5.  57 

5  57 

5.  57 

5.  57 

5.  56 

5.  56 

2 

5.  51 

5.  5a 

5.  50 

5.  49 

5.  49 

5.  48 

5.  48 

5.  47 

3 

5.  44 

5.  43 

5.  43 

5.  42 

5.  41 

5.  40 

5.  39 

5.  38 

4 

5.  37 

5.  36 

5.  35 

o.  Tyh' 

5.  33 

5.  32 

5.  31 

5.  29 

5 

5.  31 

5.  29 

5.  28 

5.  27 

5:  25 

5.  24 

5.  22 

5.  20 

6 

5  24 

5.  22 

5.  21 

5.  19 

5.  17 

5.  15 

5.  13 

5.  11 

7 

5.  17 

5.  15 

5;  IS 

5.  11 

5.  9 

5.  7 

5.  4 

5.  I 

8 

5.  10 

5.  8 

5.  6 

5.  3 

5.  1 

4.  58 

4.  55 

4.  52 

9 

5.  3 

5.  1 

4.  58 

4  55 

4.  53 

4.  49 

4.  46 

4.  42 

10 

4.  56 

4.  53 

4.  50 

4.  47 

4.  44 

4.  40 

4.  37 

4  32 

]1 

4.  49 

4.  46 

4  43 

4.  39 

4.  35 

4.  31 

4.  27 

4.  22 

12 

4.  42 

4.  38 

4.  35 

4.  31 

4.  27 

4.  22^ 

4.  17 

4.  12 

13 

4.  34 

4  30 

4.  26 

4.  22 

4.  18 

4.  13 

4.  7 

4:  1 

U 

4.  27 

4.  23 

4.  18 

4.  13 

4.  8 

4.  3 

3.  56 

3.  50 

15 

4.  19 

4.  14 

4.  9 

4.  4 

3.  59 

3.  53 

3.  46 

S.  39 

16 

4.  11 

4.  6 

4.  1 

3.  55 

3,  49 

3.  42^ 

3.  35 

3.  27 

17 

4.  3 

3.  57 

3.  52 

3.  45 

3.  39 

3.  31 

3.  23 

3.  14 

18 

3.  54 

3.  48 

3.  42 

3.  35 

3.  28 

3.  20' 

3.  11 

3.  0 

19 

3.  45 

3.  39 

3.  32 

3.  25 

3.  17 

3.  8 

2.  58 

2.  46 

20 

3.  36 

3.  29 

3.  22 

3.  14 

• 

3.  5 

2.  55 

2.  43 

2.  SO 

21 

3.  27 

3.  19 

3.  11 

3.  2 

2.  52 

2.  41 

2.  28 

2.  12 

22 

3.  IT 

3   9 

8.  0 

2.  50 

2.  38 

2.  25 

2.  10 

I.  52 

23 

3.  6 

2.  57 

2.  47 

2.  36 

2.  23 

2.  8 

1.  50 

1.  27 

24 

2.  55 

2.  45 

2.  34 

2.  21 

2.  7 

1.  49 

1.  26 

25 

2:43 

2.  82 

2.  20 

2.  5 

1.  47 

L  25 

26 

2.  31 

2.  18 

2:  3 

1.  46 

1.  23 

. 

27 

2.  16 

2.  2 

1.  45 

1.  22 

28 

2.  1 

1.  43 

1.  21 

29 

1.  42 

1.  21 

30 

1.  20 

31 

32 

i     .^.  ... 
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TABLE    XLIV. 
Tite  Time  antiicering  to  a  Gftange  of  Altitude  of  One  Degree  at  tite  Hhrixwn. 


'.. 

DECLt>fATION. 

1 
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23.  45 

24.  16 

:  16  i 

It  43 

18.  46 

19.  48 

2a  51 

21.  53 

22.  57 

23.59 

24.  31 

:  i« 

17.  54 

18.  58 

20.  1 

21.  5 

22.  8 

23.  12 

24.  li 

24.  47 

:  90  ; 

IS.  8 

19.  12 

20.  16 

21.  21 

22.  25 

23.  80 

24.  34 

25.  7 

.  22 

IS.  23 

19.  28 

20.  S3 

21.  39 

22.  44 

23.  50 

24.  56 

25.  28 

;  94 

18.  40 

19.  48 

20.  53 

21.  59 

23.  6 

24.  13   25.  21 

95.   53 

^96 

IS.  59 

2D.  7 

21.  14 

22.  22 

23.  SO 

24.  38 

25.  46 

26.  20 

98 

Id.  90 

2D.  29 

21.  38 

22.  47 

23.  57 

25.  6 

26.  16 

26.  51 

30 

I9«  44 

2a  54 

22.  5 

23.  16 

24.  27 

25.  88 

26.  49 

27.  25 

32 

20.  10 

21.  22 

22.  35 

23.  47 

25.  0 

26.  13 

27.  26 

28.  3 

94 

^.  38 

21.  53 

23.  7 

24.  22 

25.  37 

26.  52 

28.  7 

28.  45 

96 

21.  11 

22.  27 

23.  44 

25.  1 

26.  18 

27.  35 

28.  ^3 

29.  32 

98 

21.  47 

23.  5 

24.  25 

25.  43 

27.  3 

28.  23 

29.  44 

sa  24 

40 

22.  26 

23.  47 

25.  9 

26,  31 

27.  54 

29.  17 

30.  40 

81.  22 

42 

23.  10 

24.  34 

25.  59 

27.  24 

28.  50 

30.  16 

81.  43 

82.  27 

43 

23.  34 

25w  0 

26.  96 

27.  53 

29.  20 

30.  49 

32.  18 

sa  2 

44 

23.  59 

25.  26 

26.  55 

28.  23 

29.  53 

31.  23 

82.  54 

S3.  40 

45 

24.  25 

25.  55 

27.  25 

2a  66 

sa  27 

31.  59 

33.  5S 

84^  20 

46 

24.  53 

26.  25 

27.  57 

29.  30 

31.  3 

32.  38 

34.  14 

35.     2 

47 

25.  23 

26.  57 

28.  31   3a  6  1 

31.  42 

S3.  19 

34.  57 

35.   47 

48 

25.  55 

27.  30 

29.  7 

30.  44 

32.  23 

%/v.   3 

35.  44 

36.  $5 

49 

26.  28 

2a  6 

29.  45 

31.  25 

33.  7 

34.  49 

36.  33 

87.  26 

50 

27.  7 

28.  44 

80.  26 

32.  9 

S3.  53 

35.  39 

37.  28 

sa  21 

51 

27.  41 

29.  24 

31.  9 

32.  55 

34.  43 

sa  32 

sa  23 

S9.  19  . 
40.  22  ' 

52 

28.  21 

30.  6 

31.  57 

33.  45 

35.  36 

37.  29 

39.  23 

53 

29.  4 

30.  53 

32.  45 

34.  39 

36.  33 

38.  30 

40.  49 

41.  SO 

54 

29.  50 

31.  43 

33.   38 

35.  35 

37.  34 

39.  36 

41.  40 

42.  43 

55 

30.  39 

32.  36 

34.  35 

36.  37 

38.  40 

40.  47 

42.  56 

44.  3 

56 

31.  32 

33.  33 

35.  36 

37.  42 

39.  51 

42.  4 

44.  19 

45.  SO 

57 

32.  28 

sTTt      %lTf 

36.   43 

38.  54 

41.  10 

43.  27 

45.  50 

47.  4 

58 

33.  29 

35.  40 

37.  54 

40.  12 

42.  33 

44.  59 

47.  30 

48.  48 

59 

t^Tft    oo 

36.  52 

89.  12 

41.  37 

44.  6 

46.  40 

49.  21 

50.  44 

60 

SS.  47 

38.  10 

40.  38 

43.  10 

45.  47 

48.  31 

51.  24. 

52.  53 

61 

37.  5 

39.  56 

42.  11 

44.  52 

47.  40 

50.  36 

53.  42 

55.   20 

62 

38.  31 

41.  10 

43.  54 

46.  46 

49.  46 

52.  56 

56.   20 

58.  9 

68 

40.  5 

42.  54 

45.  49   4«.  53  1 

52.  8 

55.   SO 

59.  24 
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TABLE  XL VI. 


To^nd  the  EnBgkkned  Part  of  ihe  Diameter  of  ffie  lif ood  ,  or  Venijs,  supposing 
the  Diameter  to  be  divided  into  12  equal  Parts*-  '■■ 


1 

For  the  JWDOJV— AacnjiKNT.  Diitaocc  of  the  Moon  from  the  Sun. 

0" 

3ff 

60P 

90" 

120"' 

ISO- 

P>n>. 

Pi.IU. 

Piiti. 

Pini. 

Pirn. 

P.ru, 

0 

0,000 

0,804 

3,000 

6,000 

9,000 

11,198 

SO 

0^1 

0.857 

3,092 

6,104 

9,090 

11,247 

29 

0,00* 

0,912 

3,184 

6.209 

9,179 

28 

3 

0,009 

0,969 

3,277 

6,314 

9,267 

11,34^ 

27 

4 

0,015 

1,026 

3,370 

6,418 

9.355 

11,399 

26 

5 

0,023 

i.oa5 

3,4«5 

6,523 

9.441 

11.437 

25 

6 

a033 

1,146 

3,560 

6,627 

9,-126 

1],4«1 

24 

7 

0.0*5 

1,209 

3,656 

6,731 

9,611 

11.523 

23 

0,059 

1,272 

3,753 

6,834 

9,694 

11,563 

22 

0,074 

1,337 

3,850 

6.938 

9,776 

11,601 

21 

0,091 

1,404 

3,948 

7,041 

9.856 

11,638 

20 

11 

0,110 

1,472 

4,047 

7. 145 

9,936 

11,673 

19   . 

0,131 

1,542 

4,147 

7,247 

10.014 

11,706 

18. 

0,15t 

1,612 

4,217 

7,349 

10.091 

11,737 

17    ■ 

0,179 

1.684 

4,347 

7.451 

10.167 

11,767 

Ifi- 

0,205 

1,758 

4,H8 

7,552 

10.242 

11,795 

15 

16 

o,es3 

1,833 

4,519 

7,653 

10.316 

11.821 

14 

0,263 

1,909 

4,651 

7.753 

10,388 

11,81« 

13 

0,29i 

1,986 

4,753 

7,853 

10,458 

11,1-69 

12 

0,327 

2,064 

4,855 

7,yj3 

10,528 

11,890 

11 

0,362 

2,144 

4,959 

8,052 

10,596 

11,909 

10 

21 

0,399 

2,224 

5,0(i2 

8,150 

10,663 

11.926 

0,437 

2,306 

5,106 

8,247 

10,728 

11,!>41 

8 

0,477 

2,389 

5,269 

8,344 

10,791 

11.955 

7 

0,519 

2,174 

5,373 

8,440 

10,854 

11.967 

Op6J 

2,559 

5,477 

8,535 

10,915 

11.977 

5 

26 

0,608 

2.645 

5,582 

8,630 

10,974 

11,985 

4 

IL. 

^    0,654 

2,733 

5.6N6 

8,723 

11,031 

11,991 

J^ 

S  0,703 

2,821 

5,701 

8,816 

11, OSS 

1J,996 

r 

"ft753 

2,910 

5,8'i6 

8,908 

11,143 

11,999 

^ 

3,000 

6,000 

9,000 

11,196 

12,0UO 

0 

120" 

90» 

60° 

30" 

0" 

^£i 

Vt/S— Ahgitmest,     Ang 

e   formed    b 

two   lines 

iiawti  from 

Venus  to  ihe  £ 

un  and  Earth 

fi 
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TABLE  XLIX.    Confytued. 


Logistic  Logarithms. 


D.  M. 

1 
10 

'    11 

12 

IS 

14 

15 

16 

17 

18 

19 

1 1 

-  D.  M. 

M.  & 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

M.  8. 

0 

r?w 

7868 

6990 

6642 

6320 

6021 

5740 

5477 

5229 

4994 

0 

1 

7774 

7361 

6984 

6637 

6315 

6016 

5736 

5478 

5225 

4990 

1 

2 

7767 

7354 

6978 

6631 

6310 

6011 

5781 

5469 

5221 

VSfOO 

2 

« 

7760 

7348 

6972 

6625 

6305 

6006 

5727 

5464 

5217 

4983 

3 

4 

7753 

7341 

6966 

6620 

6300 

6001 

5722 

5460 

5213 

4979 

4 

5 

7745 

7335 

6960 

6614 

6294 

5997 

5718 

5456 

5209 

4975 

5 

1 
6 

7738 

7328 

6954 

6609 

6289 

5992 

5713 

5452 

5205 

4971 

6 

7 

7731 

7322 

6948 

6603 

6284 

5987 

5709 

5447 

5201 

4967 

7 

8 

7724 

7315 

6942 

6598 

6279 

5982 

5704 

5443 

5197 

4964 

8 

9 

7717 

7309 

6936 

6592 

6274 

5977 

5700 

5439 

5193 

4960 

9 

10 

'7710 

7302 

6930 

6587 

6269 

5973 

5695 

5435 

5189 

4956 

10 

i  M 

"/YOS 

7296 

6924 

6581 

6264 

5968 

5691 

5430 

5185 

4952 

11 

W 

7696 

7289 

6918 

6576 

6'i?59 

5963 

5686 

5426 

5181 

4949 

12 

:  13 

7688 

7283 

6912 

6570 

6254 

5958 

5682 

5422 

5177 

4945 

13 

i  14 

7681 

7276 

6906 

65^5 

6248 

5954 

5677 

5418 

5173 

4941 

14 

)  IS 

* 

7674 

7270 

6900 

6559 

6243 

5949 

5673 

5414 

5169 

4937 

15 

16 

7669 

7264 

6894 

6554 

6238 

5944 

5669 

$m 

^i^^ 

4933 

16 

17 

7660 

7257 

6888 

6548 

6233 

5939 

5664 

5405 

Swr 

4930 

17 

,  18 

7653 

7251 

6882 

6543 

6228 

5935 

5660 

5J01 

itUi 

4926 

18 

19 

1  7646 

7244 

6877 

6538 

6223 

5930 

5655 

5397 

5153 

4922 

19 

20 

7639 

7288 

6871 

6532 

62  J  8 

5925 

5651 
5646 

5393 

5149 

4918 

20 

21 

7632 

7232 

6865 

6527 

6213 

5920 

5889 

5145 

4915 

21 

22 

76525 

7225 

6859 

6521 

6208 

5916 

5642 

5384 

5141 

4911 

22 

23 

7618 

7219 

6853 

6516 

6203 

5911 

5637 

5380 

5137 

4907 

23 

24. 

7611 

7212 

6847 

6510 

6198 

5906 

5633 

5376 

5133 

4903 

24 

25 

7604 
7597 

7206 

6841 

6505 

6193 

5902 

5629 

5372 

5129 

4900 

25 

26 

7200 

6836 

6,500 

6188 

5897 

5624 

5368 

5125 

4896 

26 

27 

7590 

7193 

6830 

64M 

6183 

5892 

5620 

5364 

5122 

4892 

27 

28 

7583 

7187 

6624 

6489 

6178 

5888 

5615 

5359 

5118 

4889 

28. 

"29 

7.577 

7181 

6818 

6484 

6173 

5883 

5611 

5355 

5114 

4885 

29 

30 

.7570 

7175 

6812 

6478 

6168 

5878 

5607 

5351 

5110 

4881 

30 

... . 

10 

11 

12 

.15 

J.4 

15 

16  . 

.  17 

18 

19 
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TABLE  XLIX. 
Logistic  Logariihma* 


O.  H- 

0 

1 

60 

2 

3 

4 

5 

6 

7 

S 

9 

D.  M. 

ta.  s. 

0 

120 

180 

240 

800 

seo 

420 

480 

540 

M.  S. 

1,7782 

1,4771 

1,3010 

1.17fil 

1.079  J 

1,0000 

9331 

8751 

8239 

0 

1 

3,5563 

1,7710 

1,4735 

1,2986 

1.174S 

1,0777 

9988 

9S20 

874- 

b2Jl 

1 

1,7639 

1,4699 

!,2'«tf 

!,17.'5 

1 ,0763 

9976 

9310 

8733 

8223 

2 

S,079^ 

1,7570 

1,4664 

1,2939 

1,1707 

1,0749 

9S00 

8724 

8215 

3 

2,95*2 

1,7501 

l,4ffJ9 

1,2915 

I,16P9 

10T34 

9952 

9jm 

8715 

8207 

4 

5 

2,8573 

1,7434 

1,4534 

1,2891 

1,1671 

1.0720 

9940 

9279 

8706 

8199 
8191 

5 
6 

2.7782 

1,7368 

1,4559 

1,2868 

1,1664 

1,0706 

9928 

9269 

8697 

7 

2,7112 

1,7302 

1,4525 

1,2845 

1,1636 

1,0692 

9916 

9259 

8688 

8183 

7 

1,7238 

1,4491 

l,282i 

F,1619 

1,0678 

9905 

9249 

8679 

8175 

8 

2,6021 

1,7175 

1,4457 

1,2798 

1,1601 

1,0663 

9893 

9298 

8670 

8167 

9 

10 

2,3563 

1,7112 

1,4434 
1,4390 

1,2775 

1.2753 

1,1584 

1.0b49 

9681 

yi«8 

8661 

8159 

8152 

10 

11 

^..-SUf) 

i,7050 

1,1566 

1.0635 

9869 

9218 

8652 

11 

2.4771 

1,6990 

1,4357 

1,2730 

1.1549 

1,0621 

985  H 

9208 

8643 

8144 

12 

13 

2,44Si 

1,6930 

1,4325 

1,2707 

1,1532 

1,0608 

9846 

9198 

8635 

8136 

13 

14. 

2,4102 

I,S871 

1,4292 

1,2685 

1,1515 

1,0594 

9834 

9188 

8ti5« 

8128. 

14 

IS 
16 

2,3802 

1,6812 

1,4260 

1,2663 

1,1498 

1,0580 

9833 

9178 

86J7 

8120 

15 

2,3.522 

1, 67*5 

1,4228 

1,2640 

1,1481 

1,0566 

9B11 

9168 

8608 

8112 

K 

1,6698 

1,4196 

l.ailK 

I.HGt 

1,0552 

9800 

915S 

8599 

8104 

17 

?,3nio 

l,6ei2 

1 ,4165 

1,2596 

1,1447 

1,0539 

97S8 

9148 

8591 

8097 

18 

19 

2.2775 

1,6587 

1,4133 

1,2574 

1,1430 

r,0525 

9777 

9138 

8582 

8089 

19 

20 

2,2353 

1,6532 

1,4102 

1,2553 

1.1413 

1,0512 

9765 

9128 

fl373 

8081 

20 

21 

9,?34l 

I,6t78 

1,4071 

1,2.531 

1,1397 

i.otm 

9754 

9119 

sms 

8073 

21 

22 

2,2139 

1,6425 

1,1040 

1,2510 

1.1380 

1,0484 

9742 

9109 

8556 

8066 

22 

23 

2,1946 

1,6372 

1,4010 

1,2+88 

1,1363 

1,0471 

97rll 

9099 

8547 

8058 

23 

24 

2,1761 

1,6380 

1,3979 

1,2*67 

1,1347 

1,0*58 

97W 

iiOHO 

8539 

8O50 

24 

25 

4158* 

1,6269 

I,a949 

1,2W5 

1,1331 

1.0444 

9708 

9079 

8530 

8043 

25 

26 

^1413 

1,6218 

1,3919 

1,2424 

1,1314 

1,0431 

9697 

9070 

as22 

8035 

26 

9,1240 

1,6168 

1,3^90 

1,2403 

1,12»B 

1,0418 

9686 

9060 

a5i3 

8027 

27 

28 

2.109! 

1,6118 

1,3860 

1,2382 

1,1282 

I.W01 

9675 

9050 

8504 

8020 

28 

2,0939 

1,6069 

1,3831 

1,2362 

1,1266 

1,0391 

9664 

904-1 

8496 

8012 

39 

30 

2,0792 

1,60B1 

1.3803 

1,2MI 

MS49 

9652 

9031 

8487 

8004 

30 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE  XLIX.    Continued. 
Logistic  Logariihms. 


a.  M. 

0 

1 

2 

3 

4 

6 

7 

8 

9 

p.  «. 

5 

M.  B. 

0 

60 

120 

180 

240 

300 

360 

420 

480 

540 

M.,. 

31 

2,06+9 

1,5973 

1,3773 

1,2320 

1,1233 

1,0365 

9641 

9021 

8479 

7997 

SI 

32 

2,0512 

1,5925 

1,3745 

l,2S0t 

i,i2i: 

1,0S52 

9690 

9012 

8-170 

11)80 

S3 

2,037S 

l,587f 

1,S7!C 

1,227! 

1,1201 

l,033i 

9619 

9002 

8462 

7981 

34 

2,024f 

1,5832 

I,36Ht 

1,225( 

1,1186 

1,0326 

9608 

8992 

8453 

7974 

S4 

35 

2,0122 

1,5786 

1,3660 

1,2239 

1,1170 

1,0313 

9597 

898S 

8445 

7966 

36 

2,0OOC 

1,6740 

1,3632 

1,2218 

1.1154 

1,0300 

9586 

H973 

8437 

7959 

36 

37 

1,9881 

1,5695 

usew 

1,219! 

!,113f 

1,0287 

9575 

8964 

8428 

7951 

38 

1,9765 

1,5651 

1,3576 

1,217) 

1,112; 

1,027^ 

9,Tfi4 

8954 

8420 

7944 

39 

1,9652 

1,560^ 

1,354! 

1,215! 

1,1107 

1,0261 

9553 

8945 

8411 

7936 

40 

1,9542 

1,5563 

1,3522 

1,2139 

1,1091 

1,0248 

9542 

3935 

8403 

7929 

41 

1,9435 

1,5550 

1,34a-. 

1,211E 

1,1076 

1,0235 

aisa 

mw 

8395 

7921 

41 

42 

l,r.<)31 

1,547: 

1,346! 

1,209E 

1,1061 

1,022; 

9521 

8917 

8386 

7914 

45 

1,922? 

l,.'>435 

1,344 

1,208( 

1,1045 

1,021< 

9510 

8907 

8378 

7906 

44 

I,912« 

1,539; 

1,3415 

1,206 

1,103( 

1,0197 

9499 

8898 

8370 

78^ 

45 

1,9031 

1,5351 

1,S38B 

1,2011 

1,1015 

1,0185 

9488 

8888 

8361 

7891 

46 

1,8935 

1,5310 

1,3362 

1,2022 

1,0999 

1,0172 

91-78 

8879 

8353 

7884 

46 

47 

1,8842 

1,526! 

1,3331 

i,2oa 

1,098, 

I,0I6( 

9467 

8870 

8345 

7877 

*B 

1,8751 

1,522! 

1,3311 

1,198' 

1,096! 

1,0147 

9456 

8861 

8337 

7869 

49 

1,8661 

l,5IHt 

1,328. 

1,19&. 

1,095^ 

1,0135 

9446 

8851 

8328 

7862 

50 

1,8573 

1,5149 

1,3259 

1,1946 

1,0939 

1,0122 

9435 

8842 

8320 

7855 

51 

1,8487 

1,5110 

1,3233 

1,1927 

1,0924 

1,0110 

91.25 

8833 

8312 

7847 

51 

5'2 

1,8+OJ 

1,5071 

l,S20i 

1,1901 

1,090! 

1,009( 

9414 

8824 

8304 

7840 

53 

1  ,fi32C 

1,5032 

1,318; 

1,188£ 

1,089' 

1,008  J 

9404 

8814 

829u 

7832 

54 

!,823E 

1,49a 

1,3151 

1.187 

1,088( 

1,007; 

9393 

8805 

8288 

7825 

55 

1,8159 

1 ,4956 

1,313a 

1,185S 

1,0865 

1,0061 

9383 

8796 

8279 

7818 

56 

1,8081 

1,4918 

1,310s 

1.1834 

1.0850 

1,0049 

9372 

8787 

827 1 

7811 

56 

57 

l.SOO'! 

1.488: 

1,3083 

1,181( 

1,0835 

1,0036 

9362 

8778 

8263 

7803 

58 

1,792* 

1,484' 

um-i^ 

1,179- 

1,082 

1,002. 

9351 

8769 

8255 

7796 

59 

1,7855 

1,480* 

1,303. 

l,177E 

1,0801 

1,0012 

9341 

8760 

8247 

778:. 

1,7782 
0 

1,4771 

1,301C 

1,176 

1, 079a 

1,0000 
5 

9331 

8751 

8239 
8 

7782 

1 

2 

3 

4 

6 

7 

9 
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TABLE  XLIX.    Continued. 


Logistic  Logarithms. 


D.  M. 

1 
10 

1 

11 

12 

13 

14 

15 

16 

17 

18 

19 

^D.  M. 

Ja*  S« 

60d 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

M.  8. 

0 

0 

7782 

7368 

6990 

6642 

6320 

6021 

5740 

5477 

5229 

4994 

1 

7774 

7361 

6984 

6637 

6315 

6016 

5736 

5473 

5225 

4990 

1 

2 

7767 

7354 

6978 

6631 

6310 

6011 

5731 

5469 

5221 

VSfOO 

2 

d 

77«0 

7348 

6972 

6625 

6305 

6006 

5727 

5464 

5217 

4983 

3 

4 

7753 

7341 

6966 

6620 

6300 

6001 

5722 

5460 

5213 

4979 

4 

5 

77*S 

7335 

6960 

6614 

6294 

5997 

5718 

5456 

5209 

4975 

5 

6 

7738 

7328 

6954 

6609 

6289 

5992 

5713 

5452 

5205 

4971 

6 

7 

7731 

7322 

6948 

6603 

6284 

5987  5709 

5447 

5201 

4967 

7 

8 

77S* 

7315 

6942 

6598 

6279 

5982 

5704 

5443 

5197 

4964 

8 

1   9 

7717 

7309 

6936 

6592 

6274 

5977 

5700 

5439 

5193 

4960 

9 

10 

7710 

7302 

6930 

6587 

6269 

5973 

5695 

5435 

5189 

4956 

10 

11 

7703 

7296 

6924 

6581 

6264 

5968 

5691 

5430 

5185 

4952 

U 

12 

7696 

7289 

6918 

6576 

6'^59 

5963 

56m 

5426 

5181 

4949 

12 

13 

7688 

7283 

6912 

6570 

6254 

5958 

5682 

5422 

5177 

4945 

13 

'  14 

7681 

7276 

6906 

65^5 

6248 

5954 

5677 

5418 

5173 

4941 

14 

15 

• 

7674 

7270 

6900 

6559 

6243 

5949 

5673 

5414 

5169 

4937 

15 

16 

7669 

7264 

6894 

6554 

6238 

5944 

5669 

5409 

5165 

4933 

16 

17 

7660 

7257 

6888 

6548 

6233 

5939 

5664 

5405 

5161 

4930 

17 

18 

1  76.53 

7251 

6882 

6543 

6228 

5935 

5660 

5401 

5157 

4926 

18 

19 

^  7646 

7244 

6877 

6538 

6223 

5930 

SS55 

5397 

5153 

4922 

19 

20 

7639 

7238 

6871 

6532 

6218 

5925 

5651 

5393 

5149 

4918 

20 

21 

7632 

7232 

oms 

6527 

6213 

5920 

5646 

5889 

5145 

4915 

21 

22 

7625 

7225 

6859 

6521 

6208 

5916 

5642 

5384 

5141 

4911 

22 

23 

7618 

7219 

6853 

6516 

6203 

5911 

5637 

5380 

5137 

4907 

23 

24 

7611 

7212 

6847 

6510 

6198 

5906 

5633 

5376 

5133 

4903 

24 

25 

7604 

7206 

6841 

6505 

6193 

5902 

5629 

5372 

5129 

4900 

25 

26 

7597 

7200 

6836 

6,500 

6188 

5897 

5624 

5368 

5125 

4896 

26 

27 

7590 

7193 

6830 

6494 

6183 

5892 

5620 

5364 

5122 

4892 

27 

28 

7583 

7187 

6824 

6489 

6178 

5888 

5615 

5359 

5118 

4889 

28 

'29 

7577 

7181 

6818 

6484 

6173 

5883 

5611 

5355 

5114 

4885 

29 

30 

.7570 

7175 

6812 

6478 

6168 

5878 

5607 

5351 

5110 

4881 

30 

10 

•  - 

11 

■^ 

.  .13 

._1.4 

15 

16 

17 

18 

19 
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TABLE  XLIX.    Continued, 


Logittk  Logarithms. 


m.u. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

O.M. 

M.S. 

500 

■ 

660  1 

7C0 

780 

840 

900 

960 

1030 

1080 

1140 

M.S. 

31 

7S63 

7168 

6S07 

6473 

61^3 

5874 

5602 

5347 

51 06 

^77 

SI 

32 

7556 

7162 

6801 

6467 

6158 

5m 

5598 

5343 

5102 

4874 

32 

33 

7549 

7156 

6795 

6462 

6153 

5864 

5594 

5339 

5098 

4^70 

33 

34 

74r42 

7149 

ti7S9 

6457 

6148 

5860 

5589 

5335 

5094 

4^66 

34 

35 

7535 

7143 

6784 

6451 

6143 

5855 

5585 

5331 

5090 

4863  ; 

35 

36 

7528 

7137 

6778 

6446 

6138 

5850 

5580 

5326 

5086 

4%S9 

06 

^7 

7522 

7131 

6772 

6441 

6133 

5846 

5576 

5322 

5082 

4855 

37 

38 

7515 

7124 

6766 

6435 

6128 

5841 

5572 

5318 

5079; 

4852 

38 

39 

7508 

7118 

6761 

6430 

6123 

5S36 

5567 

5314 

5075 

4848 

39 

40 

7501 

7112 

6755 

6425 

61 18 

5832 

5563 

5310 

3071 

4844 

40 

41 

7494 

7106 

6749 

6420 

6113 

5827 

5559 

5306 

5067 

■  ■ 
4841 

41 

42 

7488 

7100 

6743 

6414 

6IO8 

5823 

5554 

5302 

5063 

4837 

42 

43 

7481 

7099 

6738 

6409 

6103 

5818 

5550 

5298 

5U59 

4833 

43 

44 

7474 

70%7 

6732 

6404 

6099 

5813 

5546 

5294 

5055  1 

4830 

44 

45 

7467 

7081 

6726 

6398 

6094 

5809 

5541 

5290 

5051 

4826 

45 

46 

7461 

7075 

6721 

6393 

6089 

5804 

5537 

5285 

5048 

4822 

46 

47 

7454. 

7069 

6715 

6388 

60S4 

5800 

5533 

5281 

5044 

4819 

47 

48 

7447 

7063 

6709 

6383 

6079 

5795 

5528 

5277 

5040 

4815 

48 

49 

7441 

7057 

6704 

6377 

6074 

5790 

5524 

5273 

5036 

4811 

49 

50 

7434 

7030 

6698 

6372 

6069 

5786 

5520 

5269 

5032 
5028 

4808 

50 

51 

7427 

7044 

6692 

6367 

6064 

5781 

5516 

5265 

4804 

51 

52 

7421 

7038 

6687 

6362 

6059 

5777 

5511 

5261 

5025 

480u 

52 

53 

741  + 

7032   6681 

6357 

6055 

5772 

5507 

5257 

5021 

4797 

53 

54 

7407 

7026 

i^67(i 

6351 

6ojo 

5768 

5503 

525J 

5017 

4793 

54 

55 

7401 

7020 

6670 

63-k6 

60+5 

>763 

5498 
5494 

5249 

50!3 

4789 

55 

56 

7394 

70  U 

6664 

6341 

6040 

5758 

5245 

5009 

4786 

56 

57 

73^7 

7  008 

6()69 

6336 

6035 

57:)4 

5490 

52+1 

6005 

4782 

57 

58 

7381 

7002 

6653 

6331 

6030 

5749 

5486 

^237 

5002 

4778 

58 

59 

7374 

699*^> 

664  s 

63  2  .i 

602.5 

5745 

.U81 

5233 

4998 

4775 

59 

60 

^73G8 

()99^ 

6642 

6320 

602 1 

.5740 
15 

5477 

5229 

4^94 

4771 

50 

1 

10 

11 

12 

13 

14 

16 

17 

18 

19 

c  «»  > 


TABLE  XLIX.   Contfhued. 


ItOgktk  hpgmiUanff. 


>D<  M. 

20 

21 

22. 

23 

24 

25 

,26 

^27: 

28; 

-  29 

DwM. 

M.  S. 

'1200 

1260 

1320 

'  1880 

L440 

L500 

1560 

1620 

1680 

1740 

M.  S. 

0 

4771 

4i559 

4357 

4K34 

3979 

8802 

3632 

•3468 

3310 

3158 

0 

1 

4768 

4556 

4354 

4161 

3976 

3799 

3629 

34(i5 

8307 

3155 

1 

2 

47.64 

45.32 

4351 

4158 

3973 

3796 

3626 

3463 

3305 

3153 

2 

3 

4760 

4549 

4347 

4155 

3970 

8793 

3623 

3460 

.  3302 

3150 

3 

4 

'4757 

4546 

4344 

4152 

3967 

9791 

3621 

•i457 

3300 

3148 

4 

5 

4753 

4542 

4341 

4149 
4145 

3964 

3788 

3618 

3454 

3297 

3145 

5 

6 

4750 

4539 

4338 

3961 

3785 

3615 

3452 

3294 

3148 

6 

7'. 

4746 

4535 

4334 

4142 

3958   3782 

3612 

3449 

3292 

3140 

.  7 

^  '  8. 

4742 

4332 

4331 

4139 

3955   3779 

saio 

3446 

3289 

3138 

8- 

9i 

47S9 

4528 

4328  4136 

3952 

3776 

3607 

3444 

3287 

3135 

9 

10 

4735 

4525 

> 

4.522 

4325  i  4138 

3949 

3773 

3604 

3441 

3284 

3133 

10 

11 

4732 

I 

4321  !  4130 

3946 

3770 

3601 

3438 

3282 

3130 

11 

12: 

.4728 

^^IS 

4318 

4127 

8943 

3768 

3.'598 

3436 

3279 

3128 

12* 

13 

4724 

4515 

4315 

4124 

3940 

3765 

•3596 

8483 

3276 

3125 

13 

U 

4721 

4511 

4311 

4120 

3937 

3762 

3593 

3431 

S274 

3128 

14- 

15 

.4717 

4508 

4308 

4117 

3934 

3759 

3590 

3428 

3271 

3120 

15  ' 

16 

4714 

4505 

4305  1  4114 

3931 

3756 

3587 

,31.25 

3269 

3118 

16 

17 

4710 

4501 

4302  4111 

3928 

3753 

S5S5 

.3423 

32C6 

3115 

17 

18 

4707 

4498 

4298 

4108 

3925 

3750 

3582 

3420 

3264 

3113 

18 

19 

4703 

4494 

4295 

4105 

3922 

3717 

3579 

3417 

3261 

3110 

19 

20 

4699 

- 

4491 

4292 

4102 

3919 

3745 

3576 

3415 

3259 

3108 

20 

21 

4696 

4488 

4289 

4099 

3917 

3742 

3574 

3412 

3256 

3105 

21  ,. 

22 

.  4692 

44*8 1* 

4285 

4096 

3914 

3789 

3571 

3109 

3253 

3103 

22 

23 

4689  4481' 

4282 

4002 

3911 

3736 

3568 

3407 

3251 

3101 

23 

21 

4685  4477 

4279 

4089 

3908 

3733 

^565 

3404 

3248 

3098 

24 

25 

4682 

4474 

4276 

4086 

3905 

3730 

3563 

3401 

3246 

3096 

25 

26 

-4678 

4471 

4273 

4083 

3902 

3727 

3560 

3399 

3243 

3093 

26 

"  27 

4675  . 

4467 

4269 

4080 

3899 

3725 

3557 

3396 

3241 

3091 

.  27 

28 

4671 

4464 

4266 

4077 

3896 

3722 

S555 

3393 

3238 

3088 

28 

29 

4^368 

4460 

4263 

4074 

3893 

3719 

3552 

3391 

3236 

3086 

.  29 

30 

4664 

4457 

426Q 

4071 

3890 

3716 

3549 

3388 

3233 

3083 

30 

■ 

20 

21 

22: 

23 

24 

25 

26 

2T 

28 

29 

"   1 

VQj 

L.  lU 

i 

3  G. 
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TABLE  XLIX.    Continued, 


Logistic  Logarithms, 


D.  M. 

20 

21 

22 

23 

24 

85 

26 

27 

28 

29 

i>.  If. 

M.  S. 

1200 

1260 

1320 

1380 

1440 

1500 

ISQO 

1620 

1680 

1740 

M.  & 

SI 

4660 

4454 

4256 

4068 

8887 

8718 

8546 

8386 

8231 

8081 

81 

82 

i65y 

4450 

4253 

4065 

8884 

3710 

8544 

8883 

8228 

8078 

82 

38 

4658 

4447 

4250 

4062 

8881 

8708 

8541 

8880 

8225 

8076 

33 

84 

4650 

4444 

4247 

4059 

8878 

3705 

8588 

8878 

8223 

8078 

84 

36 

4646 

4440 

4244 

4055 

8875 

8702 

8535 

8375 

8220 

8071 

35 

36 

4^48 

4437 

4240 

4052 

8872 

3699 

3588 

3372 

8218 

8069 

36 

87 

4689 

4484 

4237 

4049 

8869 

8696 

8530 

3370 

3^15 

8066 

87 

38 

4686 

4480 

4234 

4046 

3B66 

8698 

8527 

3367 

8213 

8064 

88 

89 

4682 

4427 

4231 

4048 

8868 

3691 

8525 

8365 

8210 

8061 

39  . 

40  V 

4629 

4424 

4228 

4040 

8860 

8688 

8522 

8362 

8208 

8059 

40 

41 

4625 

4420 

4224 

4037 

3857 

3685 

3519 

3359 

3205 

8056 

41 

42 

4622 

4417 

4221 

4084 

3855 

8682 

3516 

8857 

S209 

8054 

42 

48 

4618 

4414 

4218 

4031 

8852 

8679 

8514 

8854 

8200 

3052 

48 

44 

4615 

4410 

4215 

4028 

8849 

8677 

8511 

3351 

3198 

8049 

.44 

45 

4611 

4407 

4212 

4025 

3846 

1 

8674 

3508 

3349 

8195 

8047 

45 

46 

4608 

4404 

4209 

4022 

3843 

3671 

3506 

3346 

3193 

OwTlnlf 

46 

47 

4604 

4400 

4205 

4019 

8840 

3668 

8503 

3844 

8190 

8042 

47 

48 

4601 

4397 

4202 

4016 

8837 

3665 

3500 

3341 

8188 

8089 

48 

49 

4597 

4394 

4199 

4013 

3834 

3663 

3497 

3338 

8185 

8087 

49 

50 

4594 

4390 

4196 

4010 

8831 

3660 

3495 

3386 
3338 

8188 

8084 

50 

51 

4590 

4387 

4193 

4007 

3828 

3657 

3492 

3180 

8082 

51 

52 

4587 

4384 

4189 

4004 

3825 

3654 

3489 

8831 

8178 

8080 

52 

53 

4584 

4880 

4186 

4001 

3822 

3651 

3487 

3328 

8175 

8027 

53 

54 

4580 

4377 

4183 

3998 

3820 

3649 

3484 

8325 

8178 

8025 

54 

55 

4577 

4374 

4180 

3995 

3817 

364<5 

3481 

3323 

8170 

8022 

55 

56 

4578 

4370 

4177 

3991 

3814 

3643 

3479 

3320 

3168 

3020 

56 

•«7 

4570 

4367 

4174 

3988 

3811 

3640 

3476 

3318 

8165 

8018 

51 

J 

4566 

4364 

4171 

S985 

3808 

3637 

3473 

3315 

8163 

8015 

58 

} 

4563 

4361 

4167 

5«982 

3805 

3635 

3471 

3313 

3160 

8013 

59 

) 

4559 

4357 

4164 

3979 

3802 

3632 

3468 

3310 

3158 

3010 

60 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
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TABLE  XLIX.    Contimwi, 


Logistic  Logaritbms. 


■ 

' 

D.  M. 

SO 

31 

32 

33 

34 

SB 

36 

37 

38 

39 

2>.  M. 

M.  S. 

1800 

1 

1860 

1920 

1960 

2040 

2100 

2160 

2220 

2280 

2340 

M.  Sk 

0 

3010 

2868 

2730 

2596 

2467 

2341 

2218 

2099 

1984 

1871 

0 

1 

3008 

2866 

2728 

259t 

2465 

2339 

2216 

2098 

1982 

1869 

1 

2 

S)05 

2863 

2725 

2592 

2462 

2337 

2214 

2096 

1980 

1867 

2 

3 

.S003 

2861 

2723 

2590 

2«60 

2335 

2212 

2094 

1978 

1865 

3 

4 

3001 

2859 

2721 

2588 

2458 

2333 

2210 

2092 

1976 

1863 

4 

'   5 

2998 

2856 

2719 

2585 

245^ 

2331   2208 

2090 

1974 

1862 

5 

6 

2996 

2854 

2716 

2583 

2454 

2328 

2206 

2088 

1972 

1860 

6 

7 

2993 

2852 

2714 

2581 

5452 

2326 

2204 

2086 

1970 

1858 

7 

8 

2991 

2849 

2712 

2579 

2450 

2324 

2202 

2084 

1968 

1856 

8 

9^ 

2989 

,  2847 

2710 

2577 

2448 

2322 

2200 

2082 

1967 

1854 

9 

la 

2986 

2845 

2707 

• 

2574 

2445 

2320 

• 

2198 

2080 

1965 

1852 

1 

10 

;  n 

2984 

r  2842 

2705 

2572 

2443 

2318 

;  2196 

2078 

1963 

1850 

11 

12 

2981 

2840 

2703 

2570 

2441 

2316 

2194 

2076 

1961 

1849 

12 

13 

2979 

.  2838 

2701 

2568 

2439 

2314 

2192 

2074 

1959 

1847 

13 

:  14 

2977 

2835 

2698 

2566 

2437 

2312 

2190 

2072 

1957 

1845 

14 

15 

2974 

2833 

2696. 

2564 

2435 

2310 

2188 

2070 

1955 

1843 

15 

16 

2972 

2831 

2694 

2561 

2433 

2308 

■ 
2186 

2068 

1953 

1841 

16 

17 

2969 

2828 

2692 

2559 

2431 

2306 

2184 

2066 

1951 

1839 

17 

18 

2967 

2826 

2689 

2557 

2429 

2304 

2182 

2064 

1950 

1838 

18 

15> 

2965 

2824 

2687 

2555 

2426 

2^2 

2180 

2062 

1948 

1836 

19 

20 

2962 

2821 

2685 

2553 

2424 

2300 

2178 

2061 

1946 

1834 

20 

21 

2960 

.  2819 

2685 

2551 

2422 

2298 

2176 

2059 

1944 

1832 

21 

22 

2958 

2817 

2681 

2548 

2420 

2296 

2174 

2057 

1942 

1830 

22 

23 

2955 

2815 

2678 

2516 

2418 

2294 

2172 

2055 

1940 

1828" 

23 

24. 

2953 

2812 

^  2676 

2544 

2416 

2291 

2170 

2058 

1938 

1827 

24 

25 

2950 

2810 
2808 

2674 

2542 

2414 

2289 

2169 

2051 

1936 

1825 

25 

26 

2948 

2672 

2540 

2412 

2287 

2167 

2049 

1934 

1823 

26 

27 

2946 

2805 

2669 

2538 

2410 

2285 

2165 

2047 

1933 

1821 

27 

28 

2943 

2803 

2667 

2535 

2408 

2283 

2163 

2045 

1931 

1819 

*  28 

29 

2P4I 

2801 

2665 

2533 

2405 

2281 

2161 

2043 

1929 

1817 

29 

30 

2939 

2798 

2663 

2531 

2403 

2279 

2159 

2041 

1927 

1816 

30 

30 

31 

32 

33 

34 

S5 

36 

37 

3S 

39 

■ 

i 

' 

> 
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TABLE  XL  IX.    Continued. 


Logistic  Logartihms. 


« 

D.  M. 

80 

31 

32 

S3 

34 

SS 

36 

37 

38 

39 

D.  M. 

M.  S. 

-< 

1800 

i860 

li)20 

1980 

2040 

2100 

216O 

2220 

2280 

2340 

•I.  S.r 

31 

2936 

27^6 

2660 

2529 

2401 

2277 

2157 

2039 

1925 

1814 

31 

3'2 

2934 

2794 

2658 

2527 

2399 

2'z75 

2155 

2037 

1923 

1S12 

32 

33 

2931 

2792 

2656 

2525 

2397 

2273 

2153 

2035 

1921 

18(0 

3J 

34 

2929 

2789 

2654 

2522 

2395 

2271 

2151 

2033 

1919 

1808 

34 

35, 

2927 

2787 

2/)52 

2520 

235)3 

2269 

2149 

2032 

19I8 

I8O6 

35 

3(> 

2924 

2785 

2649 

2518 

2391 

2267 

2147 

2030 

1916 

1S05 

36 

^7 

2922 

2782 

2647 

2516 

2389 

2265 

2145 

2028 

1914 

1803 

37 

38 

2920 

2780 

2645 

2514 

2387 

2263 

2143 

2026 

1912 

1801 

38 

S9 

2917 

2778 

2643 

2512 

2384 

2261 

2141 

2024 

1910 

1799 

39 

40 

3915 

2775 

2640 

^5lO 

2382 

2259 

2J39 

2022 

1 90s 

1797 

40 

41 

2912 

2773 

2638 

2507 

2380 

2257 

2137 

2020 

1906 

1795 

41 

42 

2910 

2771 

2636 

2505 

2378 

2255 

2135 

2018 

1904 

1794 

42 

43 

29O8 

2779 

2634 

2503 

2376 

2253 

2133 

2016 

4903 

1792 

43 

44 

2905 

2766 

2632 

2501 

2374 

2251 

2131 

2014 

1901 

1790 

44 

45 

2903 

2764 

2629 

2499 

2372 

2249 

2129 

2012 

1899 

1788 

45 

4() 

2901 

2762 

2627 

2497 

2370 

2247 

2127 

2010 

1897 

1786 

46 

47 

2S98 

2760 

2625 

2494 

2368 

2245 

2125 

2009 

1895 

1785 

47 

48 

289tf 

2757 

2623 

2492 

2366 

2243 

2123 

2007 

1893 

1783 

48 

49 

2894 

2755 

2621 

24^0 

2364 

2241 

2121 

2005 

1891 

1781 

49 

50 

2891 

2753 

2618 

2488 

2362 

2239 

2119 

2003 

1889 

1779 

50 

51 

2889 

2750 

2616 

2486 

^359 

2:37 

2117 

2001 

1888 

1777 

51 

52 

2887 

2748 

2614 

2484 

2357 

2235 

2115 

^999 

1886 

1775 

52 

53 

2884 

2746 

2612 

2482 

2355 

2233 

2113 

1997 

1884 

1774 

53 

54 

2882 

2744. 

2610 

2480 

2353 

2231 

2111 

1995 

1882 

1772 

54 

55 

2880 

274i 

2607 

2477 

2351 

2229 
2227 

2109 

1993 

1880 

1770 

55 

56 

"2^77 

2739 

2605 

2475 

2349 

2107 

1991 

1878 

1768 

56 

57 

2875 

2737 

20*03 

2473 

2347 

2225 

2105 

1989 

1876 

1766 

57 

58 

2873 

2735 

2601 

2+71 

2345 

2223 

2103 

19S7 

1875 

1765 

58 

50 

2870 

2732 

2599 

2469 

2343 

2220 

2101 

19S6 

1873 

1763 

59 

60 

2868 

2730 

2596 

2467 

2341 

2218 

2099 

1984 

1871 

I76i 

60 

SO 

31 

32 

S3 

34 

35 

36 

37 

38 

39 
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TABLE  XLIX.    Cotttinugd. 


Logistic  Logariihms. 


D.  M. 

• 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

B.  M. 

M.  8. 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

M.  S. 

0 

1761 

1654 

1549 

1447 

1347 

1249 

1154 

1061 

0969 

0880 

0 

1 

1759 

1652 

1547 

1445 

1345 

1248 

1152 

1059 

0968 

0878 

1 

o 

17o7 

16*50 

1546 

1443 

1344 

1246 

1  151 

1 0.57 

0.066 

0877 

'2 

3 

1755 

1648 

1544 

1442 

1342 

1245 

1149 

1056 

0965 

0875 

3 

4 

1754 

1647 

1542 

1440 

1340 

1243 

1148 

1054 

O9G3 

0874 

4 

•* 

J 

1752 

1645 

1540 

1438 

1339 

1241 

1146 

1053 

0962 

0872 

5 

(» 

1750 

1643 

1539 

1437 

1337 

1240 

1145 

1051 

O96O 

0871 

6 

7 

1748 

1641 

1537 

1435 

1335 

1238 

1143 

1 050 

0959 

O869 

7 

8 

1746 

1640 

1535 

1433 

1334 

1237 

1141 

1048 

0957 

0868 

8 

<) 

1745 

1638 

1:34 

1432 

1332 

1235 

1140 

1047 

0956 

0866 

9 

10 

1743 

1636 

1532 

1430 

1331 

1233 

1138 

1045 

0954 

O865 

10 

11 

1741 

1634 

1530 

11^8 

1329 

1232 

1137 

1044 

0953 

0863 

11 

12 

1739 

1633 

1528 

1427 

1327 

1230 

1135 

1042 

0951 

0862 

^^  : 

13 

1737 

1631 

1527 

1425 

1326 

1229 

1134 

1041 

0950 

O86O 

13  \ 

14> 

1736 

1629 

1525 

1423 

1324 

1227 

1132 

1039 

0948 

0859 

14 

15 

1734 

1627 

1523 

1422 

1322 

1225 

1130 

1037 

0947 

0857 

15 

16 

1732 

1626 

1522 

1420 

1321 

1224 

1129 

1036 

0945 

0856 

16 

»'   17 

1730 

1624 

1520 

1418 

1319 

1222 

1127 

1034 

0944 

6855 

i7 

18 

1728 

1622 

1518 

1417 

1317 

1221 

1126 

1033 

0942 

0853 

18 

19 

1727 

1620 

1516 

1415 

1316 

1219 

1124 

1031 

0941 

0852 

19 

20 

1725 

1619 

1515 

1413 

1314 

1217 

1123 

1030 

0939 

0850 

20  , 

21 

1723. 

1617 

1513 

1412 

1313 

1216 

1121 

1028 

0958 

0849 

21 

1721 

1615 

15U 

1410 

1311 

1214 

1119 

1027 

0936 

0647 

22  ' 

23 

1719 

161a 

1510 

1408 

1309 

1213 

1118 

1025 

0936 

0846 

23 

2-1. 

1718 

1612 

1508 

1407 

1308 

1211 

1116 

1024 

0933 

0844 

24 

2j 

1716* 

1610 

1506 

1405 

1306 

1209 

1115 

1022 

0932 

0&43 

25  ; 

26 

CG 

J714 

16O8 

1504 

1403 

1304 

1208 

1113 

1021 

0930 

0841 

27 

1712 

1606 

1503 

1402 

1303 

1206 

1112 

1019 

0929 

0840 

27 

28 

1711 

1605 

1501 

1400 

1301 

1205 

1110 

1018 

0927 

0838 

28  ■ 

2.9 

1709 

1603 

1499 

1398 

1300 

1203 

1109 

1016 

0926 

0837 

29 

SO 

1707 

1601 

1498 

1397 

1298 

1201 

1107 

1015 

0924 

0835 

SO 

40 

41 

42 

43 

44 

45  ■ 

46 

47 

48 

49 

,..<.. 
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TABLE  XLIX.  Continued^ 


Logistic  Logaritiims. 


■ 

D.  M. 

1 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

IX  u. 

s 

M.  & 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

M.  F- 

1 

1705 

1599 

1496 

1395 

V2{.(y 

1200 

1105 

1013 

0923 

0834 

31 

*i*J 

1703 

1598 

1494 

1393 

V295 

1108 

1104 

1012 

0921 

0833 

32 

3!J 

1702 

1596 

M93 

1392 

1 293 

1197 

1102 

1010 

09iO 

0831 

33 

at 

171X) 

.  1594 

1491 

1390 

1291 

1195 

1101 

1008 

0918 

0830 

34 

35 

1698 

1592 

1489 

1388 

1290 

1193 

1099 

1007 

0917 

0828 

35 

36 

1696 

1591 

1487 

1387 

1288 

1192 

1098 

1005 

0915 

0827 

36  • 

37 

1694 

1589 

1486 

1385 

1287 

1190 

1096 

1004 

0914 

0825 

37 

38 

1693 

1587 

1484 

1383 

1285 

1189 

1095 

1002 

0912 

0824 

38 

39 

1690 

1585 

1482 

1382 

1283 

1187 

1093 

1001 

0911 

0822 

39 

40 

i689 

1584 

1481 

1380 

1282 

1186 

1091 

0999 

0909 

0821 

40 

41 

1G87 

1582 

1479 

1378 

1280 

1184 

1090 

0998 

0908 

0819 

41 

42 

1686 

1580 

1477 

1377 

127^ 

1182 

1088 

0996 

0906 

0818 

'  42   ' 

43 

1684 

1578 

1476 

1375 

1277 

1181 

1087 

0995 

090S 

0816 

43 

44 

1682 

1577 

1474 

1373 

1275 

1179 

1085 

0993 

0903 

0815 

44 

45 

1680 

1575 

1472 

1372 

1274 

1178 

1084 

0992 

0902 

0814 

45 

46 

1678 

1573 

1470 

1370 

1272 

1176 

1082 

0990 

0900 

0812 

46 

;  47 

1677 

1571 

1469 

1368 

1270 

1174 

1081 

0989 

0899 

0811 

47 

48 

1675 

1570 

1467 

1367 

1269 

1173 

1079 

0987 

0897 

0809 

48 

49 

1673 

1568 

1465 

1365 

1267 

1171 

1078 

0986 

0696 

0808 

49 

50 

1671 

1566 

1464 

1363 

1 266 

1170 

1076 

0984 

0894 

0806 

50 

51 

1670 

1565 

1462 

1362 

1264 

1168 

1074 

0983 

0893 

0805 

SI 

52 

1668 

1563 

1460 

1360 

1262 

1167 

1073 

0981 

0891 

0803 

-52 

53 

1666 

1561 

1459 

1359 

1261 

1165 

1071 

0980 

0890 

0802 

53 

54 

1664 

1559 

1457 

1357 

1259 

1163 

1070 

'  0978 

0888 

0801 

51 

55 

1663 

1558 

1455 

1355 

1257 

1L62 

1068 

0^77 

0887 

0799 

55 

56 

1661 

1556 

1454 

1354 

1256 

1160 

10fi7 

'  0975 

0885 

0798 

56 

57 

1659 

1554 

1452 

1352 

1254 

1159 

1065 

0974 

0S84 

0796 

51 

58 

1657 

1552 

1450 

1350 

1253 

1157 

1064 

;  0972 

0883 

0795 

58 

59 

1655 

1551 

1449 

1349 

1251 

1156 

1062 

1  0971 

0881 

0793 

59 

60 

1654 

1549 

1447 

1347 

1249 

1154 

1061 

!  0969 

1 

0880 

0792 

60 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
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TABLE  XUX.    Omttnucd. 


LogisHc  Logarithms. 


D.  M. 

50 

3000 

51 

52 

53 

54 

55 

56 

57 

58 

59 

D.M. 

306'0 

3120 

3180 

3240   3300 

3360 

3+20 

3460 

35+0 

„... 

0 

079-2 

0706 

0621 

0539 

0+5  S 

037  s 

0300 

0233 

01+7 

0073 

0 

oryo 

0704 

0620 

0537 

0+56 

0377 

0298 

0221 

0141' 

00;  2 

1 

07  sy 

0703 

irfilfl 

0536 

0+55 

0375 

0297 

0220 

01+5 

0071 

2 

0787 

0702 

0617 

0533 

0*54 

0374 

0296 

0210 

01+3 

0069 

3 

078(1 

■0700 

01,  Id 

0533 

0+32 

0373 

0294 

0218 

01+2 

0068 

4 

5 

0/S3 

0699 

06  ij 

0532 

0+51 

0371 

02y3 

0216 

Ol  +  I 

0067 

5 

ti 

0783 

o6()7 

0613 

0531 

0+50 

0370 

0292 

0215 

or+o 

0066 

6 

078'2 

06y6 

o(;i2 

0529 

04+8 

036y 

ojgi 

021  + 

0139 

006+ 

7 

R 

0780 

0634 

0610 

0528 

0447 

0367 

02&9 

0213 

0137 

0063 

8 

y 

0779 

o6g3 

o6oy 

0526 

0446 

0366 

03S8 

0211 

0136 

0062 

9 

10 

0777 

0()iJ2 

060s 

0525 

0+++ 

0365 

0287 

0210 

0135 

0061 

10 

0776" 

0690 

0606 

052+ 

0443 

0363 

0285 

0209 

0134 

0060 

11 

07"+ 

0689 

0605 

0522 

0442 

0362 

028+ 

0208 

0132 

0058 

12 

J3 

0773 

0687 

0603 

0521 

0440 

056 1 

02S3 

0206 

0131 

0057 

13 

0772 

0686 

0602 

0520 

0439 

0359 

0282 

0205 

0130 

0056 

14 

Ij 

0770 

06'85 

oo'oi 

0:>i8 

043S 

0358 

0280 

0204 

0129 

0055 

13 

u; 

0769 

0683 

05C/9 

0517 

0436 

0357 

0279 

0203 

0137 

0053 

16 

0767 

0682 

059H 

0516 

0+35 

0356 

0278 

020  i 

0120 

0O52 

17 

076-6" 

O6'S0 

0596 

051  + 

043+ 

035+ 

0276 

0300 

0123 

0051 

18 

19 

07  6i 

0679 

0595 

0513 

0+32 

0353 

0275 

0199 

0134 

0(J50 

19 

20 

0763 

06/ S 

0394 

0512 

0431 

0352 

0274 

0197 

0122 

0049 

20 

21 

076'2 

0676 

OJ92 

0510 

0+30 

0350 

0273 

0196 

0121 

00+7 

31 

i?3 

0760 

0675 

0591 

0509 

042S 

03+9 

0271 

0195 

0120 

C046 

Oil 

,  '-'3 

075;) 

0073 

0590 

0507 

0+27 

03*3 

0270 

01 ';4 

0119 

00+3 

23 

"4 

0757 

06*72 

05S8 

0506 

0426 

03+6 

026g 

0192 

0117 

00+4 

21- 

^3 

07  j6 

0670 

Oo;;7 

0505 

0424 

0345 

0267 

0191 

oit6 

0042 
0041 

25 

26 

075+ 

066<) 

058.S 

0503 

0423 

03+4 

0266 

0190 

0115 

26 

0753 

066? 

058+ 

0502 

0+22 

0342 

0265 

0189 

0114 

00+0 

27 

-JS 

0751 

O6C6 

0583 

0501 

0+20 

0341 

0264 

0187 

0112 

0039 

28 

0750 

n(.(.; 

0531 

059a 

0419 

0340 

0262 

0186 

Olll 

0038 

:;o 

0749 

0663 

0580 

059a 

0+18 

0339 

0261 

01S5 

ouo 

0036 

30 

50 

51 

52 

53 

54 

55   56 

57    58   59 
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TABLE   XLiX.    Continued. 


IjOgistie  LogariAms. 


9.   M, 

50 

51 

52 

S3 

54 

5S 

S6 

1 
57  i 

58 

59 

H'  f. 

3C00 

30Cd 

312D 

3180 

3240 

3300 

3360 

3420  ' 

3480 

3540 

ni 

0747 

0662 

0579  i  0497 

0416 

0337 

0260 

0184  ' 

0109 

0035 

j-^-  : 

52 

074^ 

OO'O'l 

0577  1 

0495 

0415  , 

03J6  ! 

0258 

0182  1 

0107 

0034 

•  ^  * 

3i 

0744 

0059 

0576 

0494 

0414  ' 

0335 

0257 

0181  i 

0106 

0f>33 

3^ 

0743 

o(;j8 

0574 

0493 

0412 

03J3  ' 

0256 

01 80 

0105 

Goai 

J4 

35 

0741 

0056 

057:J 
0572 

0491 

0411 

1 

OJ32 

0255 

017^ 

0104 

0O3O 

••5 

3C 

0740 

0655 

0490 

0410 

• 
0331  ' 

0253 

0177 

0103 

00^ 

^  I 

37 

0739 

0654 

Oj70 

0489 

0408 

0329 

0252 

0176 

0101 

00*18 

37  ! 

38 

0737 

0652 

0569 

0487 

0407 

0328 

0251 

0175 

0100 

0087 

5S  t 

39 

07  3C 

0651 

0568 

0486 

04^)6 

0327 

0250 

0174 

0Q99 

00^5 

39 

40 

0734 

0649 

0566  0484 

1 

0404 

0326 

0245 

0172 

OQ98 

,C(ki4 

40 

41 

0733 

0648 

0565 

0483 

0403 

0324 

0247 

0171 

0096 

- 
0023 

41 

42 

0731 

0647 

0363 

0482 

0402 

0323 

0246 

0170 

0095 

00<2 

A2 

43 

0730 

06*45 

0562 

0480 

0400 

0322 

0244 

0169 

0094 

0021 

«   1 

44 

0729 

0f)44 

0561 

0479 

0399 

0320 

0243 

0167 

0093 

0019 

44   . 

45 

(727 

0612 

0559   0478 

0398 

0319 

0242 

0166 

0091 

0018 

43 

46 

C726* 

0641 

0558 

0476 

0396 

0318 

0241 

0165 

0090 

0017 

46 

47 

0724 

0640 

0557 

0475 

0395 

0316 

.  02J9 

0163 

0089 

0010 

*^  i 

48 

0723 

0()3ti 

0555 

0474 

0394 

0315 

:  0238 

0 1 62 

0088 

0015 

4^  ' 

49 

0721 

o6a7 

0554 

0472 

039*2 

0314 

0237 

0161 

0087 

0013 

4^9  i 

50 

0/20 

06'33 

0552 

0471 

0391 

0313 

0235 

1 

0160 

00&5 

OOW 

50  i 

1 

51 

0719 

06'34 

0551 

0470 

0390 

03 1  1 

0234 

0158 

0084 

0011 

51 

52 

0717 

0U'o3 

0550 

046s 

0388 

0310 

0233 

0157 

0083 

0010 

52   . 

53 

07 1 6' 

06.T  1 

05 18 

ok;7 

0387 

OAnj 

0232 

01  Mi 

0082 

00O8 

53 

51^ 

0714 

06'.J0 

0547 

0166 

03S6 

0307 

0230 

Ol5o 

0080 

0007 

54 

55 

0713 

0628 

()3VG 

0464 

0384 

03()6 

0229 

0153 

0079 

0006 

00 

56' 

0711 

0627 

0544 

0463 

0383 

0305 

0-228 

■  0152 

0078 

0005 

56 

57 

0710 

0626 

0513 

0462 

(U82 

0304 

0227 

0151 

0077 

0004 

57 

58 

0709 

06J4 

054 1 

0160 

0381 

0302 

022/> 

0150 

007-5 

0002 

58 

6C) 

0707 

V()T3 

0540 

0459 

0379 

0301 

(»224 

0148 

0074 

0001 

59 

60 

• 

0706 

062 1 

0539 

52 

0458 

03?  8 

0300 

55 

0223 

0147 

i 

0073 

0000 

• 

60 

50 

51 

53 

54 

56 

57 

58 

59 
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TABLE  XLIX.   Continued. 


Logistic  Logarithms. 


D.  M. 

60 

6) 

62 

63 

64 

65 

66 

67 

68 

69 

D.  M. 

Ai*  8* 

S600 

3660 

3720 

3780 

3840 

3900 
9652 

3960 

4020 

4080  4140 

M.  &, 

0 

1,0000,  9928 

9858 

9788 

9720 

9586 

9521 

9456  9393 

0 

1 

9999  9927 

9.^56 

9787 

9719 

9651 

9585 

9520 

9455  9392 

1 

2 

9998  9926 

9855 

9786 

9717 

9650 

95b4 

9519 

9454  9391 

2 

S 

9996  9925 

9854 

9785 

9716 

9649 

9583 

9518 

9453 

9390 

3 

4 

9995:  9923 

9853 

9784 

9715 

9648 

9582 

9516 

9452 

9389 

4 

5 

9994 

9922 

_ 

9852 

9782 

9714 

9647 

9581 

9515 

9451 

9388 

5 

6 

9993 

9921 

9851 

9781 

9713 

9646 

9579 

9514 

9450 

9387 

6 

7 

9992 

9920 

9849 

9780 

9712 

9645 

9578 

9513 

9449 

9386 

7 

8 

9990 

9919 

9848 

9779 

9711 

9643 

9577 

9512 

9448 

9385 

8 

9 

9989 

9918 

9847 

9778 

9710 

9642 

9576 

9511 

9447 

9384 

9 

10 

9988 

9916 

9846 

9777 

9708 

9641 

9575 

9510 

9446 

9383 

10 

11 

9987 

9915 

9845 

9775 

9707 

9640 

9574 

9509 

9445 

9381 

11 

12 

9986 

9914 

9844 

9774 

9706 

9639 

9573 

9508 

9444 

9380 

12 

13 

9984 

9913 

9842 

9773 

9705 

9638 

9572 

9507 

9443 

9379 

13 

14 

9983 

9912 

9841 

9772 

9704 

9637 

9571 

9506 

9442 

9378 

14 

15 

9982 

9910 

9840 

9771 

9703 

9636 

9570 

9505 

9440 

9377 

15 

16 

998] 

9909 

9839 

9770 

9702 

9635 

9569 

9504 

9439 

9376 

16 

17 

9980 

9908 

9838 

9769 

9701 

9633 

9567 

9502 

9438 

9375 

17 

18 

9978 

9907 

9837 

9767 

9699 

9632 

9566 

9501 

9437 

9374 

18 

19 

9977 

9906 

9835 

9766 

9698 

9631 

9565 

9500 

9436 

9373 

19 

20 

9976 

9905 

9834 

9765 

9697 

9630 

9564 

91.99 

9435 

9372 

20 

21 

9975 

9903 

9833 

9764 

9696 

9629 

9563 

9498 

9434 

9371 

• 

21 

22 

9974 

9902 

9832 

9763 

9695 

96^8 

9562 

9497 

9433 

9370 

22 

23 

9972 

9901 

9831 

9762 

9694 

9627 

9561 

9496 

9432 

9369 

23 

24 

9971 

9900 

9830 

9761 

96y3 

9626 

9560 

9495 

9431 

9368 

24 

25 

9970 

9899  9829 

9759 

9692 

9625 

9559 

9494 

9430 

9367 

25 

26 

9969 

9897  9827 

9758 

9690 

9624 

9558 

9493 

9429 

9366 

26 

27 

9968 

9896  9S26 

9757 

9G89 

9622 

9557 

9492 

94S?8 

9365 

27 

28 

9966 

9895  9H25 

9756 

9688 

9621 

9555 

9491 

94-27 

9364 

28 

29 

9965 

9894  9S24 

9755 

9687 

9620 

9554 

9490 

94^6 

9363 

29 

30 

9964 

9S93 
61 

9823 

9754 

9686 

9619 

9553 

9488 

9425 

9362 

30 

60 

62 

63 

64 

65 

66 

67 

68 

69 

■ , 
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TABLE  XLIX.    Continued. 


'  Logistic  Logariffms. 


O.  11 .' 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

D.  M. 

u.  s. 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

9487 
9486 

9485 
9484 
9483 

• 

4080 

4140 

M.  S. 

31 
Si 
S3 
34 
35 

9963 
9962 
9960 

9959 
9958 

9892 
9890 
9889 
9888 

9887 

9822 
9820 

9819 
9818 

9817 

9753 
9751 
9750 

9749 
9748 

9685 

9684 
9683 
968 1 
9O8O 

9618 

9617 
9616 
9615 
9614 

9552 
9551 
9550 
9549. 

9548 

9424 
9422 
9421 
9420 
9419 

9361 
9360 

9359 
935S 
9356 

31 
32 
33 
34 
35 

36 
37 
38 

39 
40 

9957 
9956 
9954 
9953 
9952 

9886 
9885 
9883 
9882 
9881 

9816 
98J5 
9813 
9812 
9811 

9747 
9746 
9745 
9744 
9742 

9679 
967s 

9677 
9676 
9675 

9612 
9611 
9610 

9609 
96O8 

9547 
9546 
9545 
9544 
9542 

9482 
9481 
9480 

9479 
9478 

9418 

9417 
9416 
9415 
i^l4 

9413 
9412 
9411 
9410 
94Q9 

9355 
9354 
9353 
9352 
9351 

36 

97 
38 

■89 
40 

41 
42 
43 
44 

45 

9951 
9950 
9948 

9947 
9946 

9880 

9879 
9877 
9876 

9S75 

9810 
9809 
9808 
9807 
9805 

9741 
9740 

9739 
9738 

9737 

9674 
9672 

9671 
9670 

9669 

9607 
9606 
9605 
9604 
9603 

9541 
9540 

9539 
9538 
9537 

9477 

9476 
9475 
9473 
9472 

9350 
9349 
9348 
9347 
9346 

41 
42 
43 
44 

45 

46 

47 
48 

49 
50 

9945 
9944 
9942 
9941 
9940 

9874 
9873 
9872 
9870 
9869 

9804 
9803 
9802 
9801 
9800 

9736 
9734 
9733 
9732 
9731 

9668 

9667 
9666 
9665 
9664 

9601 
9600 

9599 
9598 
9597 

9536 
9535 
9534 
9533 
9532 

9471 
9470 

9m 

9468 
9467 

9408 
9407 

9406 

9405 
9404 

9345 
9344 
9343 
9342 
9341 

46 

47 
48 

49 
50 

51 
52 
53 
54 
55 

9939 

9938 

9937 
9935 

9934 

9868 

9867 
9866 
9865 
9863 

9798 
9797 
9796 
9795 

979^ 

9730 

9729 
9728 

9727 
9725 

9662 
9661 
9660 

9659 
9658 

9596 
9595 
9594 
9593 
9592 

9530 

9529 
9528 

9527 
9526 

9466 
9465 
9464 
9463 
9462 

9402 
9401 
9400 

9399 
9398 

9340 

9339 
9338 

9337 
9336 

51 
52 
53 
54 
55 

56 
57 
58 

59 
60 

9933 
9932 
9931 

9929 
9928 

9862 
9861 
9860 

9859 
9858 

9793 
9792 
9790 

97S9 
9788 

9724 
9723 
9722 
9721 
9720 

9637 
9656 
9655 
9653 
9652 

9590 
9589 

9588 

9587 
9586 

9525 
9524 
9523 
9522 
9521 

9461 
9460 
9459 
9457 
9456 

9S97 
9396 

9395 
9394 
9393 

9335 
9334 
9333 
9332 
9331 

56 

57  , 
58 

59 
60 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
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TABLE  XLIX.    Continued, 


Logistic  Logarithms. 


■jt 

D.  M. 

D.  M. 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

M.  8* 

4200 

4260 

4320 

4380 

4440 

4500 

4560 

4620 

4680 

4740 

M.  &, 

0 

9331 

9269 

9208 

9148 

9089 

9031 

8973 

8917 

8861 

8805 

0 

1 

9329 

9268 

9207 

9147 

9088 

9030 

8972 

8916 

8860 

8804 

1 

2 

9328 

9267 

<^206 

9146 

9087 

9029 

8971 

8915 

8859 

8803 

2 

3 

9327 

9266 

9205 

9145 

9086 

9028 

8971 

8914 

8858 

8802 

3 

4 

9326 

9265 

9204 

9144 

9085 

9027 

8970 

8913 

8857 

8802 

4 

5 

9325 

9264 

9203 

9143 

9084 

9026 

8969 

8912 

8856 

8801 

5 

6 

9324 

9263 

9202 

9142 

9083 

9025 

8968 

8911 

8855 

8800 

6 

7 

932.) 

9262 

9201 

9141 

9082 

9024 

8967 

8910 

8854 

8799 

7 

8 

9322 

9261 

9200 

9140 

9081 

9023 

8966 

8909 

8853 

8798 

8 

9 

9321 

9260 

9199 

9139 

9080 

9022 

8965 

8908 

8852 

8797 

9 

10 

9320 

9259 

9198 

9138 

9079 

9021 

8964 

8907 

8851 

8796 

10 

11 

9319 

9258 

9197 

9137 

9078 

9020 

8963 

8906 

8850 

8795 

11 

12 

9318 

9257 

9196 

9136 

9077 

9019 

8962 

8905 

8849 

8794 

12 

13 

9317 

9256 

9195 

9135 

9076 

9018 

8961 

8904 

8849 

8793 

13 

14 

9316 

9255 

9194 

9134 

9076 

9017 

8960 

8903 

8848 

8792 

14 

15 

9315 

9254 

9193 

9133 

9075 

9016 

8959 

8903 

8847 

8792 

15 

16 

9314 

9253 

9192 

9132 

9074 

9015 

8958 

8902 

8846 

8791 

16 

17 

9313 

9252 

9191 

9131 

9073 

9015 

8957 

8901 

8845 

8790 

17 

18 

9312 

9251 

9190 

9130 

9072 

9014 

8956 

8900 

8844 

8789 

18 

19 

9311 

9250 

9189 

9129 

9071 

9013 

89,55 

8899 

8843 

8788 

19 

20 

9310 

9249 

9188 

9128 

9070 

9012 

8954 

8898 

8842 

8787 

20 

21 

9309 

9248 

9187 

9128 

9069 

9011 

8953 

8897 

8841 

8786 

21 

22 

9308 

9247 

9186 

9127 

9068 

9010 

8952 

8896 

8840 

8785 

22 

23 

9307 

9246 

9185 

9126 

9067 

9009 

8952 

8895 

8839 

8784 

23 

24 

9306 

9245 

9184 

9125 

9066 

9008 

8951 

8894 

8838 

8783 

24 

25 

9305 

9244 

9183 

9124 

9065 

9007 

8950 

8893 

8837 

8782 

25 

26 

9304 

9243 

9182 

9123 

9064 

9006 

8949 

8892 

8837 

8781 

26 

27 

9303 

9241 

9181 

9122 

9063 

9005 

8948 

8891 

8836 

8781 

27 

28 

930'J 

9240 

9180 

9121 

9062 

9004 

8947 

8890 

8835 

8780 

28 

29 

9301 

9239 

9179 

91  .'0 

9061 

9003 

8946 

8889 

8aS4 

8779 

29 

30 

9300 

9238 

9178 

9119 

9060 

9002 

8945 

8888 

8833 

8778 

30 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 
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TABLE  XLIX.  Continued. 


Logistic  Logarithms. 


D.  M,/ 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

D.  M. 

r 

M.  S. 

18C0 

4260 

4320 

4380 

4440 

4500 

4560 

4620 

4680 

4740 

51 

31 

9^99 

9237 

9177 

9118 

9059 

9001 

8944 

8888 

8832 

8777 

32 

9^98 

9236 

9176 

9117 

9058 

9000 

8943 

8887 

8831 

8770" 

32 

33 

9^297 

9235 

9175 

9116 

9057 

85)99 

8942 

8886 

8830 

8775 

33 

34 

9'296' 

9234 

9174 

9115 

9056 

8998 

8941 

8885 

8829 

8774 

54 

35 

9-29^ 

9233 

9232 

9173 

9114 

9055 

8997 

8940 

8884 

8828 

8773 

55 

36 

9'i93 

9172 

9113 

9054 

8996 

8939 

8883 

8827 

8772 

36 

37 

9292 

9231 

9171 

9112 

9053 

8995 

8938 

8882 

8826 

8771 

57 

38 

9291 

9230 

9170 

9111 

9052 

8994 

8937 

8881 

8825 

8771 

58 

39 

9290 

9229 

9I69 

9110 

iK)51 

8993 

8936 

8880 

8825 

8770 

39 

40 

9289 

9228 

9168 

9109 

9050 

8992 

8935 

8879 

8824 

87^ 

40 

41 

9288 

9227 

9167 

9IO8 

9049 

8992 

8935 

8878 

8823 

8768 

41 

42 

9287 

9226 

9166 

9107 

9048 

8991 

8934 

8877 

8822 

8767 

42 

43 

9286 

9225 

9165 

9»06 

9047 

8990 

8933 

8876 

8821 

8766 

43 

44 

9285 

9224 

9164 

9105 

9046 

8989 

8932 

8875 

8820 

8765 

44 

45 

46 

9284 

9223 

9163 

9104 

9045 

8988 

8931 

8875 

88I9 

8764  1 

45 

9283 

9222 

9162 

9103 

9044 

8937 

8930 

8874 

8818 

8763 

46 

47 

9282 

9C?21 

9161 

9102 

9043 

8986 

8929 

8873 

8817 

8762 

47 

48 

9281 

9220 

9160 

9101 

9042 

8985 

8928 

8S72 

88 16 

8761 

48 

49 

9280 

9219 

9159 

9100 

9042 

8984 

8927 

8871 

8815 

S76I 

49 

50 
51 

9279 

9218 

9158 

9099 

9041 

8983 

8926 

8870 

8814 

876O 

50 

9278 

9217 

91.^7 

9098 

9040 

8982 

8925 

8S69 

8813 

8759 

51 

52 

9V7 

9216 

9l.^>6 

9097 

9039 

8981 

8924 

8868 

8813 

8758 

52 

53 

9276 

9215 

9155 

9096 

9038 

8980 

8923 

8867 

8812 

8757 

53 

54 

9275 

9214 

9154 

9095 

9037 

^979 

8922 

8866 

8811 

8756 

54 

55 

9274 

9213 

9153 

9094 

9036 

8978 

8921 

8865 

8810 

8755 

55 

66 

9273 

9212 

9152 

9093 

9035 

8977 

8920 

8864 

88O9 

8754 

56 

57 

9272 

9211 

9151 

9092 

9034 

8976 

8919 

8863 

8808 

8753 

57 

58 

9.71 

9210 

9150 

9091 

9033 

S975 

894  8 

8862 

8807 

8752 

58 

59 

9270 

9209 

9149 

9090 

9032 

8974 

8918 

8861 

8806 

8752 

59 

6o 

9269 

9208 

9148 

5089 
73 

90^1 

8973 

8917 

8S6l 

8805 

8751 

60 

70 

71     72 

74 

75 

76 

77 

78 

79 

— 

1 

(     *21     ) 


TABLE  XLIX.    Continued. 


Logistic  Logarithms. 


D.  M. 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

D.  M. 

A(»  S* 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

M.  S. 

0 

8751 

8697 

8644 

8591 

8539 

8488 

8437 

8387 

8337 

8288 

0 

1 

8750 

8696 

8643 

8a9a 

8538 

8487 

8436 

8386 

8336 

8287 

1 

2 

8749 

8695 

8642 

8589 

8537 

8486 

8435 

8385 

8335 

8286 

2 

3 

8748 

8694 

8641 

8589 

8537 

8485 

8434 

8384 

8335 

8286 

S 

4 

8747 

8693 

8640 

8588 

8536 

8484 

8433 

8383 

8334 

8285 

4 

5 

8746 

8692 

8639 

1 

8587 

8535 

8484 

8433 

8383 

8333 

8284 

5 

6 

8745 

8692 

8638 

8586 

8534 

8483 

8432 

8382 

8332 

8283 

6 

7 

8745 

8691 

8638 

8585 

8533 

8482 

8431 

8381 

8331 

8282 

7 

8 

8744 

8690 

8637 

8584 

8532 

8481 

8430 

8380 

8330 

8281 

8 

9 

8743 

8689 

8636 

8583 

8531 

8480 

8429 

8379 

8330 

8281 

9 

10 

8742 

8688 

8635 

8582 

8530 

8479 

8428 

8379 

8329 

8280 

10 

11 

8741 

8687 

8634 

8582 

8530 

8478 

8428 

8378 

8328 

8279 

11 

12 

8740 

8686 

8633 

8581 

8529 

8477 

8427 

8377 

8327 

8278 

12 

13 

8739 

8685 

8632 

8580 

8528 

8477 

8426 

8376 

8326 

8278 

18 

14 

8738 

8684 

8631 

8579 

8527 

8476 

8425 

8375 

8325 

8277 

14 

15 

8737 

8684 

6631 

8578 

8526 

8i75 

8424 

8374 

8325 

8276 

15 

16 

8736 

8683 

8630 

8577 

8525 

8474 

8423 

8373 

8324 

8275 

16 

17 

8736 

8682 

8629 

8576 

8524 

8473 

8423 

8373 

8323 

8274 

17 

18 

8735 

8681 

8628 

8575 

8524 

8472 

8422 

8372 

8322 

8273 

18 

19 

8734 

8680 

8627 

8575 

8523 

8472 

8421 

8371 

8322 

8273 

19 

20 

8733 

8679 

8626 

8574 

8522 

8471 

8420 

8370 

8321 

8272 

20 

21 

8732  8678 

8625 

8573 

8521 

8470 

8419 

8369 

8320 

8271 

21 

22 

8731 

8677 

8624 

8572 

8520 

8469 

8418 

8368 

8319 

8270 

22 

23 

8730 

8677 

8624 

8571 

8519 

8468 

8418 

8368 

8dl8 

8269 

23 

24. 

8729 

8676 

8623 

8r>70 

8518 

8467 

8417 

8367 

8317 

8268 

24 

25 

8728 

8727 

8675 

r 

8622 

8569 

8518 

8467 

8416 

8366 

8317 

8268 

25 

26 

8674 

8621 

8568 

8517 

8466 

8415 

8865 

8316 

8267 

26 

27 

8727 

8673 

8620 

8568 

8516 

8465 

8414 

8364 

83i5 

8266 

27 

28 

8726 

8672 

8619 

8567 

8515 

8464 

8413 

8363 

6314 

8265 

28 

29 

8725 

8671 

8618 

8566 

8514 

8463 

8413 

8363 

8313 

8265 

29 

30 

8724 

8670 

8617 

• 

8565 

8513 

8462 

8412 

8362 

8312 

8264 

30 

80 

81 

82 

8S 

84 

85 

86 

87 

88 

89 

(   *^^   ) 


TABLE  XLIX.    Continued. 


Logistic  Logarithms. 


D.  M. 

SO 

81 

82 

83 

84 

85 

86 

87 

88 

89 

D.    If. 

H.  S. 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

M.  8. 

81 

8723 

8669 

8617 

8564 

8513 

8461 

8411 

8361 

8312 

8263 

81 

32 

8722 

8668 

8616 

8563 

8512 

8460 

8410 

8360 

8311 

8262 

32 

83 

8721 

8668 

8615 

8562 

8511 

8460 

8409 

8359 

8310 

8261 

33 

34 

8720 

8667 

8614 

8561 

8510 

8459 

8408 

8358 

8309 

8260 

34 

35 

8719 

8666 

8613 

8561 

8509 

8458 

8408 

8358 

8308 

8260 

$5 

36 

8718 

8665 

8612 

8560 

8508 

8457 

8407 

8357 

8307 

8259 

36 

37 

8718 

8664 

8611 

8559 

8507 

8456 

8406 

8356 

8307 

8258 

87 

38 

8717 

8663 

8610 

8558 

8506 

8455 

8405 

8355 

8306 

8257 

38 

39 

8716 

8662 

8610 

8557 

8506 

8455 

8404 

8354 

8305 

8257 

89 

40 

8715 

8661 

8609 

8556 

8505 

8454 

8403 

8353 

8S0« 

SS66 

40 

41 

8714 

8661 

8608 

8556 

8504 

8453 

8403 

8353 

8304 

8255 

41 

42 

8713 

8660 

8607 

8555 

8503 

8452 

8402 

8352 

8303 

1  8254 

42 

43 

8712 

8659 

8606 

8554 

8502 

8451 

8401 

8351 

8S02 

8253 

43 

44 

8711 

8658 

8605 

8553 

8501 

8450 

8400 

8350 

8301 

8252 

44 

45 

8710 

8657 

8604 

8552 

8501 

8450 

8399 

8350 

8300 

8252 

45 

46 

8709 

8656 

8603 

8551 

8500 

8449 

8398 

8349 

8299 

8251 

46 

47 

8709 

8655 

8603 

8550 

8499 

8448 

8398 

8348 

8299 

8250 

47 

48 

8708 

8654 

8602 

8549 

8498 

8447 

8397 

8347 

8298 

8249 

48 

49 

8707 

8654 

8601 

8549 

8497 

8446 

8396 

8346 

8297 

8248 

49 

50 

8706 

8653 

8600 

8548 

8496 

8445 

8395 

8345 

8296 

8247 

50 

51 

8705 

8652 

8599 

8547 

8495 

8445 

8394 

8345 

8295 

8247 

51 

52 

8704 

8651 

8598 

8546 

8494 

8444 

8393 

8344 

8294 

8246 

52 

53 

8703 

8650 

8597 

8545 

.8494 

8443 

8392 

8343 

8294 

8245 

53 

54 

8702 

8649 

8596 

8544 

8493 

8442 

8392 

8342 

8293 

8244 

54 

55 

8702 

8648 

8596 

8543 

8492 

8441 

8391 

8341 

8292 

8244 

53 

56 

8701 

86  n 

8595 

8542 

8491 

8440 

8390 

8340 

8291 

8243 

56 

•  57 

8700 

8646 

8594 

8542 

8490 

f'440 

8389 

8340 

8291 

8242 

51 

58 

8699 

8645 

8593 

8541 

8489 

8439 

8388 

8339 

8290 

8241 

58 

59 

8698 

8645 

8592 

8540 

8489 

8438 

8388 

8338 

8289 

8240 

59 

60 

8697 

8644 

8591 

8539 

8488 

8437 

8387 

8337 

8288 

8239 

60 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

THE  USE  OF  THE  TABLES. 


TABLE  I. 


For  converting  Degrees^  Minutes  and  Seconds  into  Time. 

Rule.  Take  the  degrees,  minutes  and  seconds  from  the  first,  third,  and 
fiflh  columns,  and  against  them  you  have  the  corresponding  times,  the  sum  of 
which  is  the  time  required. 

ExAMPi-E.     Reduce  74^  39'.  57"  into  time. 


70°        -        -        . 

•           4  . 

40'.    Of 

4°          - 

0. 

16.     O 

SO'         -        .        . 

0. 

2.     O 

9'          -         -         . 

0. 

0.  36 

50"         -         •         - 

0. 

0.     3,333 

7"        .         .        . 

0. 

0.     0,466 

Time  required 

4. 

58.  39,799 

Or  thus.    Multiply  by  4 ;  then  the  seconds  produce  thirds ;  the  minutes 
IMToduce  seconds,  and  the  degrees  produce  minutes. 


74°.  39'.  57" 
4 

4\   58'.  39".  48" 
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TABLE    11. 


For  converting  Time  into  Degrees,  Minutes  and  Seconds. 

Rule.  Take  the  time  from  the  first,  third  and  fifth  columns,  and  against 
them  you  have  the  degrees,  minutes  and  seconds  corresponding,  the  sum  ^of 
which  is  the  quantity  required. 

■ 

Example.    Reduce  nh.  34'.  19'' into  degrees,  minutes  and  seconds. 


IQft. 

- 

15(f.   0'.    (f 

7A.        - 

- 

105.     0.     0 

90f 

- 

7.  80.     O 

4' 

-. 

1.     0.     0 

lor       . 

- 

0.     2.  30 

9" 

[uired 

0.     2.  15 

Degrees  req 

•       263.  34.  45 

» 

Or  thus.  Bring  the  hours  into  minutes^  and  divide  by  4 ;  then  the  mi- 
nutes give  degrees,  the  seconds  give  minutes,  and  the  remainder  give  se- 
conds. 

4)1054'.  19^.     O'* 


263^  34'.  45' 


TABLE   IIL 
.  For  converting  Minutes  and  Seconds  into  the  Decimal  qfan  Hour. 

Rule.  Take  the  time  from  the  first  and  third  columns,  and  against  them 
you  have  the  corresponding  decimals,  the  sum  of  which  is  the  decimal  re- 
quired. 
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Example.     What  is  the  decimal  of  19'.  47"  ? 

10' ,16666 

9' ,15000 

40" ,01111 

.7" ,00194 


Pecimal  required  -  -        ,32971 


TABLE   IV. 

For  finding  tfie  Length  of  circular  Arcs  to  Radius  Unity. 

Rule.  Take  the  degrees,  minutes  and  seconds  from  the  first,  third  and  fifth 
columns,and  against  tliem  you  have  the  corresponding  lengths,  the  sum  of  which 
ig  the  length  required. 

Example.     What  is  the  length  of  an  arc  of  37°.  42'.  58"? 

30° 0,5235988 

7° 0,1221730 

40' 0,0116355 

2' 0,0005818 

50" 0,0002424 

8" 0,0000388 


Length  required  .  .         0,6582703 


If  the  radius  be  not  unity,  the  length  may  be  found  by  proportion,  by  saying, 
unity  :  radius ::  length  here  found  ;  the  length  required. 


TABLE   V. 

For  finding  the  Sun*s  Paralkur  in  Altitude^  the  apparent  Altitude  being  given. 

m 

Rule.  Find  the  altitude  under  the  column  Sun*s  Alt.  and  against  it  you 
have  the  parallax.  If  the  apparent  altitude  be  not  found  in  the  Table,  tlie 
parallax  must  be  found  by  proportion. 

VOL.   II.  S   I 
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Example.  What  is  tlie  parallax  at  tlie  apparent  altitude  47^.  Vf.  20'  \ 

At  40^  app.  alt.  the  parallax  is  G^jYO 
—  50  — 5,62 


10  1,08 


Ucnce,  10  :  T"".  27'.  20''::  l",08  :  0^8,  which  subtracted  from  6",?  leaves  5",d 
the  parallax.     Hence,  the  altitude,  corrected  for  parallax,  is  47^.  27'.  25',9. 


TABLE  VI. 

Contains  tJie  mean  Right  Ascensions  and  North  polar  Distances  of  36  principal 
Jixed  Stars ^  Jbr  tlie  Beginning  of  1 802  ;  togetlier  Tvith  their  annual  Precessions^ 
and  proper  Motions ;  all  as  settled  by  Dr.  JlfASKEiryE  ;  thence  to  deduce  their 
places  for  any  ot/ier  Year. 

Rule.  Multiply  the  annual  precession  by  the  number  of  years  between  the 
given  year  and  f802,  and  you  get  the  annual  precession  for  that  interval. 
Then  if  the  given  year  be  after  1802,  add  the  annual  precession  in  right  ascen- 
sion for  that  interval  to  the  right  ascension  for  1 802,  and  you  get  the  mean 
right  ascension  for  the  beginning  of  the  given  year ;  and  apply  the  annual  pre- 
cession in  north  polar  distance  for  the  interval,  according  to  the  sign,  to  the 
north  polar  distance  for  1802,  and  you  get  tlie  north  polar  distance  at  the  be- 
ginniiit^'of  the  given  year.  But  if  the  given  year  be  before  1802,  subtract  the 
annual  precession  in  right  ascension,  and  apply  the  annual  precession  of  north 
polar  distance  with  a  contrary  sign. 

Example.  W\\at  is  the  mean  right  ascension  and  north  polar  distance  of  *S/- 
riiis,  at  the  beginning  of  the  year  1813? 

Mean  right  ascension  for  1 802         -        -        G\  36'.  25",45 
Motion  in  precession  for  11  vears        -         -  +29,48 


Mean  right  ascension  for  1813         -         -        6.  S6.  54,98- 
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North  polar  distance  for  1 802        .        -     106^  27'.    4*,7 
Motion  in  precession  for  11  years  -  4-34, 87 


North  polar  distance  for  1818        -        -      106.  27.  39,  57 


TABLE  VII. 


■  I 


Contains  the  Sum  of  the  Precession^  Aberrationy  and  Solar  IniquaUt^^tif  Pre- 
cession  from  the  beginning  of  the  Year^  of  36  principal  Stars  j  in  sidereal  Time; 
being  one  Part  of  the  Correction  of  the  mean  Right  Ascension  from  tJie  beginning 
if  the  Year. 

Rule.  Against  the  day  of  the  month,  under  the  given  star,  you  have  the 
correction  required.  If  the  day  of  the  month  be  not  found  in  ijie  Table,  tlic 
equation  must  be  found  by  proportion. 

« 

Example.  What  is  the  equation  for  Sirius  on  April  27  ? 

April  20        -        -        -       the  equation  +  0',2S 
30         -         -         -        +0,09 


10  0, 14 


Hence,  10  :  7  *.:  0*,I4  ;  (f,\  which  subtracted  from  H-O^as  gives  +0^,13  the 
correction  required. 


TABLE  VIII. 

Contains  the  Equation  of  the  EquinoxeSy  and  Deviation  of  the  same  Stars  as  in 
the  last  Table^  in  sidereal  Time ;  being  the  other  Part  of  tfie  Correction  in  Right 
Ascensionji^om  the  beginning  of  the  Year. 

Rule.  Enter  tlie  first  column  with  the  longitude  of  the  moon's  ascending 
node  (Tab.  XXIX,  XXX.),  this  equation  depending  upon  the  place  of  the 
node ;  and  against  it,  under  the  given  star,  you  have  the  equation  required. 
If  the  longitude  be  not  found  in  the  Table,  the  equation  must  be  found  by  pro- 
portion. 4f 
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.  •  • 

Example*  What  is  the  equation  of  Sirms  on  April  10^  1813  ? 

The  longitude  of  the  moon's  ascending  node  is  4\  16^  31'. 

Long,  of  >  *s  e  4'.  10®        -        -        -        Equation^  — 0*,SO 
4.  20.        -        -        -  ■  — O,  IS 


O.    10  0,17 


.  I 


Hence,  10^  :  6**.  3l'::or,i7  :  0*,ii,  which  subtracted  from— O^^SO gives— C^^lff 
the  correction  required. 

From  this  and  the  last  example,  we  find  the  whole  correction  of  Sbius  on 
April  10,  in  the  year  1813,  to  be  +0*913— 0%19=  — 0'',06;  but  the  mean  r^ht 
ascension  of  Shius  at  the  beginning  of  1 800,  we  have  found  to  be  6A.  S&. 
54%93}  hence  the  true  right  ascension  of  aS'itiW  on  April  10,  1813,  is  6A.  SG'* 
54'',87. 


TABLE  IX. 

Contains  that  Part  qfthe  Equation  qfthe  Obliquity  of  the  jEc&jitie,  which  arises 
ffom  the  unequal  Force  of  the  Sun  in  causing  the  Precession  qfthe  EquinoMs; 
and.  therefore  depending  upon  the  Sun^  it  must  be  t/ie  same  every  Year. 

Rule.  Take  the  day  of  the  month,  and  against  it  you  have' the  equation 
required.  If  the  given  day  of  the  month  be  not  found  in  the  Table,  the 
equation  must  be  found  by  proportion. 

Example.     What  is  the  equation  on  May  24  ? 

May  19        -        -        -        Equation  —  0%4      • 
26         .         .         . 0, 5 


0,1 


Hence,  7  :  5::0",l  :  0",07,  which  added  to  -0'',4  gives  -0",47  the  equation. 
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TABLE  X. 

Contains  that  Part  of  the  Equation  of  the  ObUqmty  qfthe  EcUptiCy  wfiich  arises 
Jrom  tlie  unequal  Force  of  tJie  Moon  in  causing  the  Precession  qfthe  Kquinojces^ 
and  which  depends  upon  the  Longitude  of  the  Moon^s  ascending  Node. 

Rule.  Enter  the  Table  with  the  longitude  of  the  moon's  ascending  node 
(Tab.  XXIX.  XXX.),  and  against  it  you  have  the  equation  required.  If 
the  longitude  be  not  found  in  the  Table,  the  equation  must  be  found  by 
proportion. 

Example.  What  is  the  equation  on  May  24,  1798  ? 

The  longitude  of  the  moon's  node  is  2'.  4^  17'. 

ft 

Long,  of   D  's  S^  2*.  4^         •         •         »         Equation  +  4",2 
I 2.   5  •  m h  4, 0 


0.    1  O,  2 


Hence,  1°.  :  l7'.::0",2  :  0",06,  which  subtracted  from  4'',2  leaves   +4",  14  the 
equation  required. 

Hence,  from  this  and  the  last  example,  the  whole  equation  of  the  obliquity 
of  the  ecliptic  on  May  24,  1798,  is  +  3^67. 


TABLE  XL 

Contains  tlie  mean  Refraction  of  the  heavenly  Bodies^  corresponding  to  their 

apparent  Zenith  Distances. 

Rule.  Find  the  a])parent  zenith  distance,  and  against  it  you  have  the  mean 
refraction.  If  the  distance  be  not  found  in  the  Table,  the  refraction  must  be 
found  by  proportion. 
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'4 


Example.  What  is  the  mean  relBraction  at  the  apparent  zenith  distance  71^. 

At  71°.  10'  zen.  dist.  -  -        Refraction  2'.  45*,8S 

10  "   1,56 


i'frp 


I 


Hence,  10** :  5*.  48"::  l',56  :  €r,9,  which  acl4ed  to  2*.  45',83  gives  2!.  46^,73 

^  i      -  .  ■  •  '.*>      'i-h  •    •'..      .•\«rc)'»:»  -Jill    '^'iii.'M' 

TbM^  Table  (ffiiten  by  Dr.  Maskeltne  with  his  Ob8ervaii[bri8l**'l796j  u! 
constrocted  to  fdve  the  refraction  when  the  barometer  stands  at  29^6  inches. 

if_i_  «      ■  '  »  >  >  L' /i         ^*  ' 

and  tlie  thcrmoilleter  at  £0  deprete;  the  next  Table  is  fo  cbnedC  this^  TOr'any 
variation  of  the  barometer  and  thermometer  from  these  altitudes. 


TABLE  XII. 

Contains  JDechnalSy  which  multiplied  into  the  mean  R^actian^  gives  (he  Oofrtc^Kf^ 
Jw  tie  Variation  of  the  Weight  and  Temperature  ifthejtir. 

I  i  X  "  o*  t  /   I  •oil* 

Role,  flndiy  in  the  upper  borisontal  line,  the  hdght  of  the  barome1^]^|ind  > 
in  the  first  perpendicular  line  the  height  of  the  thermometer,  and  conrespond* 
ing  to  them  you  have  the  decimal  required;  which  multiplied  into  tlie  meas 
refraction,  and  applied  to  the 'mean  refraction  according  to  the  sign,  gives  the 
true  refraction.  If  the  altitudes  be  not  found  in  the  Table,  the  decimal  must 
be  found  by  proportion.- 

Example.  What  is  the  true  refraction  at  the  apparent  zenkh  distance  71^ 
15*.  48%  the  barometer  standing  at  30,35  inches,  and  the  thermometer  at 
*61,8  inches? 

Against  61^  under  30,3  inches         -         *        Dec.— ,004  ^' 

30,4 .  .  .—  ,001 

0,1  ,003 
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Hence,  0,1  :  0,05 ::  ,003  :  0015,  the  quantity  by  which  ,004  must  be  decreased 
because  the  decimals  decrease. 

Against  61^  under  30,3  inches  -        -  Dec— ,004 
62 .          .        Dec— ,006 


,002 


•  1 


Hence,  1  :  0,8::  ,002  :  ,0016,  the  quantity  by  which  ,004  must  be  increased^ 
because  the  decimals  increase;  consequently  the  decimal  corresponding  to 
the  given  altitudes  of  tlie  barometer  and  thermometer  is  — ,0041.  Therefore 
the  correction  is  —,0041  x  2'.  46'',8  (the  mean  refraction  by  the  last  example) 
=  —  ,68  ;  hence,  the  true  refraction  is  2'.  46",8 -•  ,68  =  2'.  46",iai 


TABLE  XIIL 

Contains  the  Augmentation  of  the  horizontal  Diameter  of  the  Moon  for  anxf 

apparent  Altitude. 

IluLE.  Enter  the  horizontal  line  at  the  top  with  the  moon's  horizontal  diame- 
ter, and  the  first  perpendicular  line  with  the  apparent  altitude,  and  against 
them  you  have  the  augmentation  required.  If  the  diameter  be  not  found  in 
the  Table,  the  augmentation  must  be  found  by  proportion. 

Example.  If  the  horizontal  diameter  of  the  moon  be  29'.  38",  and.  the,  appji- 
rent  altitude  5&^.  32^,  what  is  its  diameter  ?  •  i 

At  29'.  30"  diameter,  and  56°  app.  alt.      -      -       augment.  23",4 
29.  50 -       ■ --23,9 


-  ■* 


O.  20  0,5  , 


Hence,  20"  :  8''::0",5  :  0'',2  the  increase  for  8". 

At  29'.  30"  diameter,  and  56°  app.  alt.  -      -      augment.  23",4 
\ 57  .       .     . 23, 6 

1  0,2 


4SS  rta  un  of  t^b  tablk»« 

Hence^  1^  :  SflT ::  <f^2  :  (f,i  the  inemuie  for  ss'.  Therein  SS'»4  -i-or^ 
+Ol',l  =23*97  the  augmentation  of  the  diameter.  Hence,  29*.  SST  +  SSi^Ts 
30^*  1%7  the  diameter  required. 


v.-w  ■;  .  ^  ..  ■•  ./    ^  •■ 


r 


*j/^- 

» 


TABLE  XIV. 


CbnftiJM  Cfttf  mean  Precenjon  q/!  Ifte  Equmoctial  Points  Jbr  Fkarsf  immMA 
ycu  have  ihe  Number  qf  Years  in  one  Cohmnj  and  the  Precemqn  m  fmoAer 
Qgaimtikem.  *  '  *       t 


11 


Rule.  If  the  number  of  years  be  found  in  the  Table,  you  have  the  preceSf 
sion  required.  Sut  if  the  number  of  years  be  not  in  the  Table»  divide  it  i«tQ 
such  parts  as  can  be  found. 

Example.  What  is  the  mean  precession  in  3247  years  ? 


Years. 

. 

sooo 

• 

• 

• 

Preces. 

41°. 

57'. 

29',0 

800 

- 

* 

« 

2. 

47. 

49*© 

47 

precession 

• 

m 

m 

0. 

S9. 

5»,4 

Mean 

45. 

24. 

45,3 

■ 

1 

TABLE  XV. 

- 

■  V 


Contains  the  mean  Precession  Jbr  every  Day  qf  the  Yeag^  including  the  solar  , 

Eqtiation, 

Rule.  Enter  with  the  month  above,  and  the  day  of  the  month  on  the  side, 
and  against  them  you  have  the  precession ;  observing  the  rule  for  leap-year. 


»• 


Example.  The  precession  for  January  19,  in  the  year  1796  (being  leap- 
year),  is  3'',4.  3 


4 
t 
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TABLE  XVI. 

Contmns  tJie  Eqtialion  of  tJie  Equinoxes  in  Longitude. 

Rule.  Enter  with  the  longitude  of  the  moon's  ascending  node  (Tab.  XXIX. 
XXX.),  the  signs  above  or  below,  and  the  degrees  on  one  side,  and  corres- 
ponding thereto  you  have  the  equation,  to  be  applied  according  to  the  sign. 

Example.  What  is  the  equation  on  July  19,  1796  ? 

The  place  of  the  moon's  ascending  node  is  3*.  9*^.  59V  against  the  nearest 
place  to  which  you  find  —  17",6  the  equation  required. 

The  mean  longitude  of  a  star,  settled  to  some  epoch,  is  to  be  corrected  by 
the  mean  precession  and  equation  of  the  equinoxes ;  and  if  to  this  we  apply  the 
correction  of  aberration,  we  get  the  true  longitude. 


TABLE  XVII. 

Co7itains  the  mean  Motion  of  the  Sun  in  Right  Ascension  to  every  Day  in  the 

Year. 

Rule.  Enter  with  the  month  at  the  head,  and  day  of  the  month  at  the  side, 
and  corresponding  to  them  you  have  the  mean  motion. 

Example.  What  is  the  mean  motion  of  the  sun  in  right  ascension  on  Febru- 
ary 16,  1796? 

This  being  leap-year,  we  must  take  out  for  the  preceding  day  j  hence,  the 
mean  motionin  right  ascension  is  Sh.  l'.  2l",5. 


TABLE  XVIII. 

Contains  the  mean  Motion  of  the  Sun  in  Right  Ascension^  corresponding  to 

Sidereal  Time,  for  Hours  and  Minutes. 

Rule.  Enter  the  columns  under  sidereal  time  with  the  hours  and  minutes, 
and  against  them  you  have  the  mean  motion  of  the  sun  in  right  ascension. 

VOL.  n.  S  K 


.4i)4  Tiil^  Ua£  OP  TU£  TABJUB8. 

Example.  What  is  the  mcaii  motion  in  right  ascension  for  nJi.  48^,  sidereal 
time  ? 

17A 2'.  47^,10 

48' a     7^86 


,   •• 


Mean  motion  in  right  ascension '      -      2.  54, 96 


i\  1  • 


TABLE  XIX:. 

ConUfviS  tkt  Kquation  of  Ihe  Equinojres^  in  Degrees,  in  Right  Ascension. 

Kcu.  Kilter  the  Tabic  vritlx  tlic  longitude  of  tlie  moon's  ascending  node 
CrAB,  XXIX.  XXX.),  the  signs  at  the  top  or  bottom,  and  the  degrees  on  the 
Mile*  ami  convspoodlng  to  them  >ou  ha\-e  the  equation  required. 

KxASiriJC  \n»t  is  the  eqtwu'oo  of  the  equinoxes  in  right  ascension  on  Jul; 

The  place  o£  the  moon's  ascending  node  is  3'.  9°.  59',  against  the  nearest 
pboc  to  which  you  find  — 16*,  l  the  equation  required. 


TABLE  XX. 
Is  tfie  same  as  Ihe  lasty  only  tlie  quantity  is  expressed  in  Tim^ 

The  uniform  motion  of  the  equinoctial  points  being  disturbed  by  the  nutation 
of  the  earUi's  axis,  the  true  equinox  will  differ  from  the  equinox  computed  ac 
conling  to  the  mean  motion,  by  which  the  true  right  ascension  of  all  the  stare 
will  be  affected.  The  two  last  Tables  exhibit  only  part  of  this  effect  except 
for  those  stars  which  are  in  the  equator  j  the  other  part,  called  the  he7,inLr 
(lO-W),  is  found  from  the  next  Table,  *^  ^  ^^^  iJevmUon 


'J.  J . 


^ 


^» 
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TABLE  XXL 

Is  to  find  the  Deviation  of  a  Star  in  North  Polar  Distance^  and  in  Right 

Ascension. 

For  tJie  Deviation  in  North  Polar  Distance. 

Rule.  Enter  with  the  right  ascension  at  the  top,  and  the  longitude  of  the 
moon's  node  in  the  first  column  on  tlie  left,  and  against  them  you  have  the  de- 
viation. If  the  right  ascension  be  not  found  in  the  Table,  the  deviation  must 
be  found  by  proportion. 

Example.  What  is  the  deviation  of  a  star  In  north  polar  distance,  its  right 
ascension  being  2*.  2V.  SO'.  19",  and  the  longitude  of  the  moon's  node  3*. 
7^  40'? 

For  A.R.  2'.  25°  and  long,  d  's  gj  3'.  5°  the  deviation  is  +  r,45 
3.     O   — +0,83 


O.     5  0,62 


Hence,  5°  :  2°.  30'::0%62  :  0",31  to  be  subtracted,  as  the  deviation  decreases. 

For  A.  R.  2*.  25°  and  long,  d  's  b  3*.    5°  the  deviation  is  -f  l",45 
3.   10  +2,26 


O.     5  0,81 


Hence,  5°  :  2°.  40'::0',81  :  0",4S  to  be  added,  as  the  deviation  increases; 
therefore  the  deviation  in  north  polar  distance  is  +  l'',45  — 0",31  4-0",43  — 
r,57. 

For  the  Deviation  in  Right  Ascension. 

Rule.  Add  3  signs  to  the  star's  right  ascension,  if  its  declination  be  norths 
or  subtract^  if  south  ;  and  with  this,  as  a  new  right  ascension,  find  the  equation 
from  the  Table  as  before,  and  multiply  it  by  the  tangent  of  the  declination  j 

4 
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and  if  the  starts:  xigfat  MceinioBy  thus  correct  by  8  ngnsy  ud  the  iMj|itltde 
of  the  moon's  nqde,  are  both  more,  or  both  less  thw  6  signs,  use  the  algtibhdb 
sign  of  the  Table ;  but  if  one  be  more,  and  the  other  less  than  6  signs,  change 
the  sign  of  the  Table. 


.1    If 


Example.  If  the  right  ascension  of  a  star  be  2\  27^.  SO'.  19",  and  declina- 
tion S7^28'.  SOT  N.  what  is  its  deviation  in  right  ascension,  the  longitude  of 
the  moon's  node  being  S\ *t^.'4Sll 

!I1m  staif 4  i^ht  ascension,  increased. by  8  signs,  becomes  5'.  Vf*  3€f.  IST. 


'•  -    ^'i  ■ 


. . , . .    JEot^  S\  2^  A.  Rn  and  loqg^  >.  'a  a  3*.  5"^  Ihe  deviation  is  —  6^,99 
6.     O  ■  ,  M 7,o9 


.     .0...  5.5  O,  lO 


t^m 


Hence,  5°  :  2°.  SO'.  19"::o%l  :  cTfiS,  which  is  to  be  added  to  6%9»,  as  tke  de- 
viation iaiocrei^iig.   -       ■ 


•  J 


For  5\  2^  A.  R.  and  long.  3>  's  r  3'.    5*  tlie  deviation  is  —  6*,99 

■  '  ■  ■  ■  8*   10  '  ■       ■    I    ■  —  6,  SS 


0.     5  0, 16 


Hence,  5?  :  2\40^::O'',16  :  0%p»,  which  is  to  be  subtracted  from  6^,99  j  there- 
fore -6%99-.0",05+ 0^,09=  -6",95;  and  this  multiplied  by  0,766  (tang,  of 
dec.)  gives  —  S^jSS  the  deviation  in  right  ascension. 

This  Table  Dr.  Maskelyne  gavfe  with  his  Observations  for  1796.. 


0 


TABLE  XXU. 

■ 

Contains  tfie  Tiir(t:m  which  Light  moves  over  any  Part  or  Multipk  qf  the  mean 

Radius  qftke  Earth^s  Orbit ^  supposed  to  be  Unity. 

Rule.  Enter  with  the  given  distance  in  the  column  of  Parts  qfOrbis  Magnus^ 
and  against  it  you  have  the  time. 
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earth' 


radius  ? 


,78         ...         .         6'.  19",9 
,004.  .         -         .         O.      1,9 


,784      -         .        -         .         6.  21,8  Time. 


TABLE  XXIIL 

Contains  the  Nonagesimal  Degree  of  the  Ecliptic^  and  its  Altitude^for  tJie  Lati- 
tude of  Greenwich  J  reduced  (173)  /o  the  Earth*  s  Center  ^  supposed  to  be  51^.  14'. 
Tyfor  the  ObUqvity  oftJie  Ecliptic  23^  28'. 

Rule.  Enter  with  the  right  ascension  of  the  meridian,  and  against  it  you 
have  the  nonagesimal  degree,  and  its  altitude.  If  the  right  ascension  be  not 
found  in  the  Table,  the  required  quantities  must  be  found  by  proportion. 

Example.  If  the  right  ascension  of  the  meridian  be  37^  17'.  30^,  what  is  the 
nonagesimal  degree,  and  its  altitude  ? 

A.R.  Mer.  31"*        -        -        nonag.  deg.  V.  22^4l'.  20" 

38^  .  -  1.   23.  23.  20 


42.     O 


Hence,  1^  :  17'.  30'::  42'  :  12'.  15",  which  added  to  1".  22^  41'.  20"  gives  1'. 
22°.  53'.  35"  the  nonagesimal  degree. 

A.  JB.  Men  37**        -  -        alt.  nonag.  SS"".  3^.    O" 

38         -  •  ■    '    55.  49.  SO 

1  14.  SO 
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Hence,  4**  :  iT.  SOT::  14',  SOf' :  4'i  14%  which  added  to  55^.  »J^.  0%  gives  .SS*, 
39'.  14"  tlie  altitude  of  the  nonagesimal  degree. 


TABLE   XXIV. 

Contains  the  Correction  to  be  applied  to  the  last  Tabky  Jbr  the  I^atitude  of  one. 
•    "  Degree  north  of  Greenwich. 

Rule.  Enter  with  the  right  ascension  of  the  mid-heaven,  and  you  have  the 
corrections  required.  If  the  right  ascension  be  riot  in  the  Table,  the  correc- 
tions must  be  found  by  proportion.  If  the  latitude  be  not  one  degree  from 
that  of  Greenwich,  change  the  quantities  found  in  proportion. 


Example.    In  the  last  example,  what  is  tlie  nonagesimal  degree,  and  its  al- 
titude, for  a  place  20'  north  of  Greenwich  ? 

A.  R.  mid-'h'eav.  30^,  the  cor.  for  1**  are    -    -     31 ',4    -    -    54',3 
40, .     -     26,0     .     -     55,9 


10  5,4  1,6 


Hence,  10^  :  7^  17'.  30"::  ^^^tl  '  \^\t\  ^^^  correction  for  the  nonagesi. 
mal  degree  and  altitude,  for  l""  change  of  latitude ;  therefore 

•  llyll^     '    iO,39 

tlie  respective  corrections  for  20'  change  of  latitude ;  hence,  3l',4— l',31  = 
30'509  =  30'.  5"  the  correction  for  the  nonagesimal  degree  ;  and  54',3  +  0',39  = 
54',69  =  54'.  41"  the  correction  for  the  altitude.  Therefore  V.  22^  53'.  35" -h 
30'.  5"  =  1'.  2r/.  23'.  40"  the  nonagesimal  degree  j  and  55°.  S3f.  14" -54',  41"= 
54°.  44'.  33"  its  altitude. 

If  the  place  be  to  the  south  of  Greenwich,  apply  the  corrections  with  a  con- 
trary sign. 
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The  oJ^cuIation  of  parallaxes  by  the  nonagesimal  degree  and  its  altitude, 
being  generally  used  in  computing  solar  eclipses,  and  occultations  of  the  fixed 
stars  and  planets  by  the  moon,  these  two  Tables  will  be  very  useful  for  that 
purpose. 

TABLE   XXV. 


\ »  • 


Co7itains  the  Angle  between  the  Ecliptic  and  a  Parallel  to  the  Equator j  to  tlie  Ob-' 
liquity  23°.  28';  with  t/ie  Variation  for  \Qi'  Variation  of  the  Obliquity. 

Rule.  Enter  with  the  si^*s  declination,  and  you  have  the  required  angle. 
If  the  declination  be  not  found  in  the  Table,  you  must  find  the  angle  by  pro- 
portion. 

Example.  What  is  the  angle  between  tlie  ecliptic  and  a  parallel  to  the 
equator,  when  the  sun's  declination  is  17^  30',  and  the  obliquity  23°.  27'. 
5^'  ? 

17^  20'  declin.         -         -        the  angle  is  16°.    4'.    8" 
17.   40    -  -         ■  15.   41.  58 


20  22.   10 


Hence,  20'  :  10'::  22'.  lO"  :  ll'.  5",  which  subtracted  from  16^  4'.  8"  leaves 
15°.  53'.  3"  for  the  angle  at  an  obliquity  23°.  28'.  Now  the  variation  at  this 
point  for  10"  of  variation  of  the  obliquity  is  15'',2  ;  hence,  the  variation  for 
5"  is  7",6,  which  subtracted  from  15°.  53'.  3"  leaves  15°.  52'.  5^\\  for  tlie  angle 
required.  If  the  obliquity  had  been  taken  greater  than  23°.  28',  the  correction 
must  have  been  added. 


TABLE  XXVI. 

Contains  the  Angle  if  Position  of  any  Point  of  the  Ecliptic^  according  to  the 
Obliquity  23°.  28' j  with  the  Variation  f}r  the  Variation  of  the  Ecliptic  by 
one  Minute. 

Rule.  Enter  with  the  longitude  of  the  given  point  of  the  ecliptic,  and  you 
have  the  angle  required.  If  the  longitude  be  not  found  in  the  Table,  the  an«> 
gle  must  be  found  by  proportion. 
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angle  6f  position  be  not  found  in  the  Tabl^,  the  correction  must  be  found 
by  proportion. 

Example*  .  In  the  last  example^  suppose  the  star's  longitude  to  be  the  same 
as  the  longitude  of  the  point  of  the  ecliptic  there  given,  and  its  latitude  8**. 
20';  to  find  the  angle  of  position. 

8°  angle  posit,  and  3°.    O'  lat.  -  correct,  is  0'.  39",7 

-a.   90  —  -  — O.  54,  2 


■.■kaMBAi 


30  14, 5 


t       T 


Hence,  30'  :  20'::  14",5  :  9",8  the  first  part  of  the  correction,  to  be  added  to 
O'.  39",7* 

8°  angle  posit,  and  3°  lat.        -        -        correct,  is  O'.  39",7 

9    : .  . O.   44,8 


5,1 


Here,  1°  :  14*.  47",8  ::  5"5l  :  l",3  the  secopd  part  of  the  correction  to  be 
added  toO'.  39",7 ;  hence,  the  angle  of  position  is  8°.  14'.  47",8-hO'.  39",7  + 
9^8^-1^3  =  8^  15'.  38",6. 

The  four  last  Tables  are  of  use  in  calculating  the  parallaxes  in  solar  eclipses, 
and  occultations  of  fixed  stars  and  planets  by  the  naoon,  by  the  method  of  the 
parallactic  angle. 


TABLE  XXIX. 

Contains  the  Epochs  qf  the  mean  Longitude  of  the  Moorfs  ascending  Node j  for 

the  Beginning  of  each  Year. 

Rule*  Enter  with  the  epoch,  and  against  it  you  have  the  mean  longitude* 
voju  n^  S  L 


'.■-■-  t 
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The  q[K>ch  of  the  mean  longitude  of  the  moon's  ascending  node  'for  the 
beginning  of  1784,  is  IT.  1S^  4(y;  being  the  longitude  of  the  ifode  at  that 
time,  if  its  motion  had  been  uniform.  The  epoch  is  put  down  to  the  nearest 
minute,  that  being  sufficiently  accurate  for  the  purposes  here  wanted. 


TABLE  XXX* 


J 1 


Contains  the  mean  retrograde  Motion  of  the  Njode^  for  every  Day  qf  //le  Vcar. 


Rule.  Eater  with  the  month  at  the  top,  and  day  of  the  month  at  the 
and  against  them  you  have  the  motion  required  ;  which  being  subtracted  from 
the  epoch  for  the  year,  gives  the  mean  place  of  the  node  sufficiently  accante 
for  tlic  purpose  of  taking  out  all  the  equations  relating  to  the  nutation  of  the 
Gartli*s  axis. 

ExjotPLE.  To  find  the  mean  place  of  the  node  on  November  26,  1799. 

The  epoch  for  1799  is  -  .  1*.  SST*.  55* 

Ret.  mot.  for  Nov.  26,  »  -  17.  28 


Mean  place  of  the  node  •  •         l.    5.    7 


TABLE  XXXI. 

!(kxws  the  Decrease^  by  Rejractiony  of  the  Diameters  of  the  Sun  or  Moon  which 
«9i^  h^i  third  to  the  Horizony  upon  supposition  that  the  apparent  Diameter  is  SOf. 
(f  Mc*  Diameter  l?e  not  3(y,  tJie  Decrease  will  vary  accordingly. 

RuLK«  Enter  with  the  sun's  or  moon's  altitude  at  the  top,  and  with  the  in- 
clination of  the  diameter  at  the  side,'  making  proportion  if  you  do  not  find  the 
exrtot  quantities,  and  you  get  the  decrease  for  SO'  diameter  j  and  the  decrease 

for  anv  other  diameter  will  be  in  proportion  to  the  diameter. 
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Example.  If  the  apparent  diameter  of  the  moon  be  32',  what  is  the  decrease 
of  that  diameter  which  is  inclined  32°  to  the  horizon,  at  an  altitude  of  17°. 

At  16°  alt  at  an  inclin.  30°,  the  decrease  is  1%6 
33 1,9 


0,3 


Hence,  3°  :  2°  ::  (/,3  :  0',2 ;  therefore   1%6  +  o",2  =  l",8  is  the  decrease  for 
the  inclination  32°,  and  altitude  16°. 

At  16°  alt.  at  an  inclin.  30°,  the  decrease  is  1%6 
—  18 ,  1,  3 


0,3 


Hence,  2°  :  1°  ::  0%3  :  0^,15;  therefore  the  whole  decrease  is  r',8  —  0^,15  = 
l",65  the  diminution  for  a  diameter  of  30'}  hence,  30'  :  32'  ::  l",65  :  l",76  tlie 
decrease  required. 


TABLE  XXXn. 

Is  for  reducing  sidereal  to  meaji  solar  Time. 

Rule.  Subtract  the  numbers  found  in  the  'Table  corresponding  to  the  given 
'  sidereal  time,  from  that  time,  and  it  reduces  it  to  mean  solar  time. 

Example.  Reduce  17/^  19'.  23"  sidereal  time^  into  mean  jsolar  time. 

17// 2'.  47",10 

19' O.     3,  11 

20" .0.     0, 05 

3" O,     0,01 


2.  50,27 
17^  19.-  23 

Mean  solar  time        -        -      17.  16.  32,73 
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Hence,  l^  :  M\.(ffi1  :  0^09;  tlierefore  the  semidiameter  =  1 5'.  57^,23 -(f, 09 
=  15'.  57",14. 

Mean  anom.  9*.  14**  gives  the  horary  motion  2*.  26^,56 
9.  15 2.  26,47 


O.     0,09 


Hence,  1° :  20'::  0^09 :  0",03 ;  therefore  the  horary  motion  is  2'.  26",56 — ©",03 
r=2'.   26\5S. 


TABLE  ^XXV. 

'ContatJis  the  Rediiction  oftlie  Ecliptic  to  tfie  Equator^  or  the  Quantity  to  be  ap- 
plied  to  the  Longitude  of  any  Point  of  the  Ecliptic^  to  give  the  Right  Ascension. 
This  Table  is  for  the  Obliquity  23''.  28'.  15*/  but  there  is  the  Correction  to  be  ap- 
plied  for  the  Variation  of  the  Obliqtdty  of  o?ie  Minute. 

Rule.  With  the  given  longitude  enter  the  Table,  and  take  out  the  reduc- 
tion ;  and  if  the  longitude  be  not  found,  take  the  nearest  less  (X),  with  the 
difference,  and  the  variation.  Then  proportion  for  the  difference  between  that 
and  the  given  longitude,  the  difference  taken  out  answering  to  a  variation  of 
30'  of  longitude,  and  apply  the  result  to  L.  Also,  60"  :  var.  : :  the  difference 
between  23**.  28'.  15"  and  the  given  obliquity  :  a  fourth  number,  which  added 
to  the  reduction  above  found,  or  subtracted  from  it,  according  as  the  obliquity 
is  greater  or  less  than  23^  28'.  15",  you  have  the  true  reduction^ '  to  be  applied 
according  to  the  sign. 

Example.  Let  the  sun's  longitude  be  l\  ll^  25'.  10",3,  and  the  obliquity 
83°.  28'.  Ti  to  find  the  right  ascension. 

For  1\  11°  long.       -         -       Reduction  2°.  25'.  56*,6 

Differertce  26,6 

Variation  12, 7  • 

Hence,  SO' :  25'.  10^3 ::  26%6  :  22",3,  which  added  to  2\  25'.  56",6  (as  the  re. 
-duction  is  increasing  J  gives  2°*  26'.  18  ,9. 

4 
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Again,  60"  :  12%7 ::  6"  :  1%7,  which  subtracted  from  2*".  26'.  i8%9  leaves  2*. 
ae".  17%2  the  true  reduction.  Hence,  1*.  11°.  25'.  10'',3  -  2^  26".  17%2  =  1*. 
8®.  58'.  53",1  the  true  right  ascension. 

By  means  of  this  Table,  we  may  find  the  longitude  from  tlie  right  ascension, 
by  the  following 

Rule.  Increase  the  right  ascension  by  3  signs,  and  find  the  reduction  in  the 
very  same  manner  as  above,  and  apply  it  to  the  right  ascension  according  to 
jhe  sign,  and  you  get  the  longitude. 

Example.  If  the  given  obliquity  be  23°.  28'.  7%  and  the  right  ascension  1*. 
8°,  58',  53', 1,  add  3  signs  to  tliis,  and  it  becomes  4'.  8°.  58'.  53'',1 ;  and  vrith 
this  the  reduction  is  2°.  26'.  19",  with  the  variation  12',9.  Hence,  60'  :  12'',9 
::  8"  :  r,7,  which  subtracted  from  2°.  26'.  19' leaves  2°.  26".  17*,3;  and  this 
added  to  1*.  8°.  58'.  53",1  gives  1*.  ll^  25'.  10",4. 

Tlie  reason  of  this  operation  is,  that  when  you  increase  the  right  ascension 
by  3  signs,  the  difference  of  right  ascension  and  longitude  continues  the  same, 
tliat  being  now  greater  which  before  was  less  of  the  two.  If  therefore  we  con- 
sider  the  right  ascension  increased  by  3  signs  as  the  longitude,  it  must  give  the 
true  reduction. 


TABLE  XXXVI. 

Contains  the  Declination  of  tJie  Points  of  the  Ecliptic  to  the  Equator^  when  the 

Longitude  and  Obliquity  are  given. 

Rule.  Tlie  operation  is  exactly  the  same  as  in  the  last  Table. 

Example.  Let  the  longitude  be  T.  IT.  25',  10",3,  and  die  obliquity  23^  28'. 
7";  to  find  the  declination. 

For  r.  llMong.      -         -      Declination  15°.  8'.  49",2 

Difference  9.  1 8,  6 

Variation  37, 7 
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Hence,  30'  :  25'.  1(^,3 ::  9'.  18^6  :  7'.  48",7,  which  added  to  15^  8'.  49",2  gives 
15\  16'.  37%9. 

Again,  60"  :  37%7 ::  8'  :  5",  which  subtracted  from  15*.  16'.  37",9  leaves  15*. 
16'.  32^,9  the  declination. 

r 

By  means  of  tliis  Table,  we  may  find  the  longitude  from  the  declinat'on. 

Rule-  Enter  the  Table  with  tlie  declination,  and  take  out  the  variation  ; 
then  say,  60"  :  var.  ::  the  difference  between  the  given  obliquity  and  2S^  28', 
1,5"  :  a  fourth  number,  which  subtract  from,  or  ^rfrf  to  the  given  declination, 
according  as  the  obliquity  is  greater  or  less  than  23°.  28'.  15",  and  the  result  is 
the  declination  such  as  it  would  be  if  the  obliquity  was  23^  28'.  15".  Then 
with  this  declination,  enter  the  Table  again,  and,  by  making  a  proportion,  you 
get  the  longitude. 

Example.  On  May  1,  1756,  the  sun's  dechnation  was  15^  16*.  34^,2  N.  and 
the  obliquity  was  23°.  28'.  7",  to  find  the  longitude. 

Corresponding  to  this  declination,  the  variation  is  37'',7 ;  hence,  60"  :  37",7 
::  8"  :  5",  which  added  to  15°.  16'.  34",2  gives  15°.  16'.  39^2,  the  declination 
if  the  obliquity  had  been  23°.  28'.  15".  Now  the  difference  of  dechnation  in  the 
Table  is  9'.  18",6,  and  the  difiercnce  between  15°.  16'.  39",2  and  the  next  less 
declination  is  7'.  50";  hence,  9'.  18",6  ;  r.  50"::  30'  :  25'.  14",5,  which  added 
to  1*.  11°,  or  subtracted  from  4«\  11°,  each  of  which  longitudes  corresponds  to 
the  declination  15°.  8'.  49",2  the  next  less  than  15°.  16'.  39",2,  gives  V.  11°.  25'. 
14",5  and  4*.  18°.  34'.  45",5  for  the  longitudes  corresponding  to  the  given  declin- 
ation ;  but  it  being  in  May,  the  first  must  be  the  true  one. 

For  the  utmost  accuracy,  we  ought  to  interpolate. 


TABLE  XXXVII. 

Contaim  the  Equation  of  Second  Dfjfcrences^  for  tfie  Purpose  (f  Interpolation  i?i 

various  Cases  respecting  the  planetary  Motions. 

Rule.  Take  the  two  preceding  and  two  following  values  of  the  given  quan- 
tity, and  their  equations,  and  find  the  second  differences,  and  if  they  be  not 
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mean  of  the  second  ^fiei^ences  of  the  moon's  motion  fm  13  bonrs^  whedier 
in  longitude  or  latitude,  at  the  top,  and  with  the  apparent  time  after  noon  or 
midnight  at  the  side,  and  the  corresponding  number  is  the  correction ;  which 
subtracted  from  the  proportional  part,  if  the  first  difference  increase^  or  added^ 
if  it  decrease^  gives  the  proportional  part  corrected ;  which  properiy  applied  to 
the  equation,  gives  the  cocrect  equation* 

To  find  the  proportional  part,  reduce  the  minutes  and  seconds  of  time,  and 
of  degrees,  into  decimals,  by  Tables  III.  and  XL.  and  add  the  logarithms  of 
the  second  and  third  terms  to  8,9208 188,  the  ar.  co«  of  log.  12,  and  you  have 
the  log.  of  liie  proportional  part. 

Example.  To  find  the  moon's  longitude  on  July  16,  1767,  at-  16A« 
22*.  16^. 

> 
The  given  time  is  4A.  22^.  16^  after  midnight;  hence. 


July  16,  noon, 
midnight 
17,  noon, 
midnight 


Moon's  Long. 

1st  Diff. 

2d  Diff. 

Mean  of 
2dDi£ 

1 1*.  29°.  29*.  34" 
0.     6.  40.  25 
0.  IS.  47.  48 
0.  20.  51.  27 

7".  10^.  51' 
7.     7.  28 
7.     8.  89 

8'.  28* 
8.    44 

3'.  36* 

Kow4A.  22'.  16''=4,8911l,  7^  7'.  2S''=7,12306  j  hence. 


12  A. 

4,S9111A. 

7^,112806 

Pro.  pa.  2%5946=:2^  85*.  41 


CO.  ar.  log.  8,9208188 
log.  0,6405917 
log.  0,8526666 


log.  0,4140771 


Now  with  the  second  difference  S'.  36*  enter  the  top  of  the  Table,  and  with 
4h.  22^.  16*.  enter  the  side,  and  the  corresponding  number  is  24",  which  added 
to  2°.  85'.  41"  gives  2°.  36'.  5"  the  proportional  part  corrected.  Hence,  the 
moon's  true  longitude  at  the  given  time  is  O*.  6®.  40'.  25"  +  2^  36'.  5' 
zzO\  9^  16'«  30''}  and  this  is  as  torrect  as  tlie  longitudes  from  which  it  is 
deduced. 
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In  like  maQoer  the  latitude  of  the  mooii  may  be  fokmd  at  any  tima    • 

Dr.  Masuexyne  has  added  the  following  remarks,  respecting  the  use  of  thia 
Table. 

1 .  If  the  moon's  latitude  taken  out  of  the  Ephemeris  for  noon  and  midnight 
changes  its  denomination  from  north  to  south  or  from  south  to  north,  the  sum 
of  the  two  latitudes  of  contrary  denominations,  where  the  change  happens,  is 
to  be  accounted  the  first  difference  of  that  place. 

2.  If  the  three  first  differences  first  increase  and  then  decrease,  or  uce  versd, 
first  decrease  and  then  increase,  half  the  difference  of  the  two  second  difier- 
ences  is  to  be  taken  for  the  mean  second  difference. 

3.  If  the  series  of  four  latitudes  taken  out  should  first  increase  and  then 
decrease  about  the  moon's  greatest  latitudes,  take  the  sum  of  the  two  first  dif- 
ferences standing  on  each  side  of  the  greatest  latitude  for  the  second  difference 
in  that  place ;  correct  the  moon's  latitude  at  noon  or  midnight  by  the  simple 
proportional  part  first  found  ;  and  to  the  latitude  so  corrected,  add  always,  in 
this  case,  the  equation  of  second  difference,  answering  to  the  mean  seconct 
differences. 


TABLE  XXXIX^ 

Contains  the  Equation  of  Second  Difference  for  interpolating  the  Moon^s  Dis- 
tance from  the  Sun  or  Stars  for  every  third  Hour  ^  from  those  computed  for  Noon 
and  Midnight  in  the  Nautical  Ephemeris. 

Rule.  Take  four  distances,  two  before  and  two  after  the  given  time,  and 
take  their  second  differences.  Enter  the  Table  with  the  mean  of  the  second 
differences,  and  subtract  the  corresponding  equation  at  3,  6,  or  9  hours  from 
the  quarter,  half,  or  three  quarters  of  the  change  of  distance  in  12  hours  ;  or 
add  it  to  the  same,  according  as  the  first  difference  is  increasing  or  decreasint^y 
and  you  have  the  moon's  change  of  distance  in  3,  6,  or  9  hours  ;  which  added 
to,  or  subtracted  from,  the  moon's  distance  at  the  preceding  noon  or  midnight, 
according  as  the  distance  increases  or  decreases,  gives  the  moon's  true  distance 
at  3,  6,  or  9  hours. 
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Example.    What  is  the  moon's  distance  from  a  Arietis,  on  Dec.  2,  1799,  at 
3  o'clock  ? 


Dec.  I  f  midnight 
2,  noon. 

midnight 
S,  noon. 


Distance. 
81'.  sr.    3" 

74.  58.  44 

68.  37.   10 
62.  22.     5 


1st  Diff. 

6".  28'.  19' 
6.  21.  34 
6.   15.     5 


The  quarter  of  6°.  21'.  34"  is 
Equation 


2d  Distance  at  noon 


IMstance  required 


2d  Diff. 


6'.  45" 
6.  29 


Mean  of 
2d  Diff. 

6*.  37* 


1".  35'.  23" 
+  37 

1.  36.     O 

74.  58.  44 

73.  22.  44 


TABLE  XL. 

Contains  tfie  Minutes  and  Seconds  of  a  Degree,  converted  into  Decimals  of  a 

Degree. 

Rule.  Take  out  the  decimals  corresponding  to  the  given  minutes  and  se- 
conds, and  add  them  together. 

Example.  Reduce  49'.  57"  to  the  decimal  of  a  degree. 


49' 

57" 


Dec. 

,81667 
,01583 


49'.  57" 


,83250 


^     ■  *  ■ 

TABLE  XLI. 

« 

CbftftAM-Db  Equation  to  equal  Altitudes  qf  the  Sun^  or  Ae  Quantify  hy  nMdk 
ihe  middle  Point  of  Time  between  the  Times  when  the  Sun  had  the  same  JUitudei 
on  the  Jtf  0»lbl;g»Ma  <^ 

ihe.MsridUaui**''^*'^  •»  ..y.  ■  ■:•;•      , '?  .'■  ^f  •iijuii^'no  >!*♦   «■*;/'  £«•# 

Rule.  Take  the  half  interval  of  time  between  the  two  coiresponding  ob- 
servatioiMkT  WiHhrJkbe»8Wi?4^^given1o0gitttder»)^  npfiiiti^  and  the  half  inft^^rMJ, 
find,  £r0n»,«TAWr<  J^«  the:.6^tiaii|.:if  the .  loqgjtud^  and  half  iiit0ffiniUM8.^ot 
found  10  the  Tables  the  ^equation  mwt  be  foqqd  by  propoictioii^  hM»f}|jp|gr  itbii 
equation  by  the  natural. tang^t. of  tho. latitude,  radius  being  unity,;  apij^youigtot 
the  first  part  of  the  equation,  which  is  additive  or  subtractive,  according  as  the 
sign  is  +  or  -n ;  umembering  that  when,  the  latitude  is  80Utb,,$|^  (Vgnf^^^the 
Table  must  he  changed.  

With  thf(  ,9|in's  longitude,  and  half  interval,  find,  in  Tajenle  11.  the  equa- 
tion, by  nukiog  proportions  if  the  given  quantities  be  not  found  in  the 
Table. 

■'  .  .-i-.i. 

The  sum  of  these  two  equatiens,  r^ard  being  had  to  th^  s^nsy  k'tlve'  ^i)a» 
tion  reqmred ;  which  applied,  according  to  its  sign,  to  the  middle  pmnt  cf^tiafe 
between  the  two  corresponding  observations,  gives  the  time  by  the  watch  when 
the  sun  was  upon  the  meridian.  "^    ' 

Example.  Let  the  middle  point  of  time  between  the  corresponding  ob- 
servations be  23/1. 59'.  2r,l3  by  the  watch  j  the  half  interval  2A.  84'.  521" ;  and 
the  sun's  longitude  6'.  14*.  36'  j  to  find  the  equation,  and  thence  the  time  when 
the  sun  was  on  the  meridian ;  the  latitude  being  33°.  56^  S.  and  longitude 
18°.  23'E.   .. 


/. 


:\\\\\\  i    I' 


Tab.  L  Sun's  long.  6*.  10°  and  half  int.  2*.  30'  equat.  is  +  15",92 
■ —  2.   40   +  16,08 


«. 


«  > 


10  0,16 


Hence,  lOT  :  4'.  52}"::  of,  16  :  0f',08,  which  (as  the  equation  increases)  added 

'    » the  longitude  is  6*.  10°.    Again; 


S 


J 
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Tab.  I.  Sun's  long.  6*.  IS""  and  half  int.  2\  80'  equat.  is  +  15',71 
2.   40 +  15,  87 


10  0, 16 


Hence,  10' :  A.  SQi"  ::cr,l6  :  if^,  which  added  to  lS\n  gives  15'',79  for  the 
equation  when  the  longitude  is  6'.  15^  The  difference  between  this  and  16*, 
tlie  equation  when  the  sun's  longitude  was  6'.  10%  is  0",21. 

•  .  »  I      ■ 

Hence,  5^  :  4^  36*::  0^,21  :  0%09  ;  which  subtracted  from  16^  (because  the 
equation  decreases  this  way)  gives  15^,81  for  the  equation  from  Table  I.  And 
this  ritiltij^Ued  by  0,6728,  the  nat.  tang,  of  36°.  56*,  gives  10%64  the  first  part 
of  the  equation,  Which  is  subtractwcy  because  the  latitude  is  south. 

Tab.  II.  Sun's  long.  6'.  10^  and  half  int.  2\  SO'  equat.  is  -0",87 
— — 2.  40  :         -*0,  85 


10  0,02 


Hence,  10'  :  4'.  52K  ::  o",02  :  0",01,  which  subtracted  from  -0^,87  (as  the 
equation  decreases)  gives  ^  0^^,86  for  the  equation  when  the  longitude  is  6*.  10'. 
Again, 

Tab.  II.  Sun's  long.  6*.  15''  and  half  int.  2\  30'  equat.  is  -l',29 
2.    40    — 1,26 


10  0, 03 


Hence,  10'  :  4'.  521'  ::  O",03  :  0^,01,  which  subtracted  from  —  1*,29  gives 
—  r,28  for  the  equation  when  the  sun's  longitude  is  6*.  15^  The  difference 
between  this  and  —  0",86,  the  equation  when  the  sun's  longitude  was  6*.  10% 
is  0',42. 

Hence,  5°  :  4°.  36*  : :  0",42  :  O^SO,  which  added  to  -  0'',86  (because  the 
equation  increases  this  way)  gives  — 1^,25  for  the  second  part  of  the  equation  5 
and  the  two  parts  added  together  (because  they  are  both  subtractive)  gives  — 
1  r',89  for  the  whole  equation.  Tliis  therefore  subtracted  from  23A.  59'.  2r,13, 
gives  23/i.  59'.  9",24  for  the  time  by  the  watch  when  the  sun  was  upon  the  me- 
ridian. 


H^nMf'  tfe  «U7  MemiiiM  bow  tnadi  the  watch  wn  too  fiurt^  or  too  do«r« 


Eqttfttioii  of  time  at  noon  at  Grreenwich  was  - 
And  24A.  :  lA.  14'  (long,  in  time) ::  16%7> 
^daily  dif.  of  equat) ;     -  y      ' 

Button  o£tiBi«a£iiOM  at  the  giTteptftce     ^ 


Mean  time  of  apparent  noon 

Time  of  apparant  noon  by  the  watch 

Watch  too  But  for  mean  time 


-la*. 

IS'.S 
0,8 

84\  a 

18,5- 
9 

2S.  47. 
29«  59. 

41,5 
9,2 

11. 

*7,7 

TABLE  XLn. 

Contains  ta  mice  the  Equation  to  eqiuxl  Altitudes^  nifficien^  accurate  Jbr  moa 
■     "  Purposes. 

Rule.  With  the  latitude  and  interval  between  the  observations  at  the  head, 
and  the  declination  at  the  side,  you  get  the  equation  required.  Whilst  the  sun 
moves  from  the  tropic  of  Capricorn  to  the  tropic  of  Cancer,  the  equation  is  to 
be  subtracted  from  the  middle  point  of  time }  and  whilst  it  moves  from  the  tro- 
pic of  Cancer  to  the  tropic  of  Capricorn,  it  is  to  be  added^  in  order  to  get  the 
time  of  apparent  noon  by  the  watch. 

Example*  In  latitude  51  ^  32'  N.  when  the  sun's  declination  was  20^  S.  on 
January  29,  the  interval  of  equal  altitudes  was  found  to  be  5h.  id^  and  the 
middle  time  by  the  watch  was  12^.  3'.  32'';  to  find  the  time  of  apparent  noon 
by  the  wateh. 

With  the  latitude  50°  N.  and  5h.  at  the  head  (the  nearest  to  the  given  quan- 
tities), and  declination  20°  S.  at  the  side,  you  get  the  equation  13%  which  is  to 
be  subtracted,  because  the  sun  was  moving  from  the  tropic  of  Capricorn  to  the 
tropic  of  Cancer;  hence,  12//,  3'.  19"  is  the  time  of  apparent  noon  by  the 
watch. 


TOE  USE  OF  THE  TAB1B8.  455; 


TABLE  XLIIL 

fOonbms  the  Semi-Xumal  Arc9  of  the  hecfoenfy  Bodies  n^hose  DeeUnalitms  do  ' 
not  cliange^  in  Time  ;  and  therefore  for  all  common  Purposes^  it  xmU  serw  » 
for  tfie  Sun. 

For  the  Sun^  the  arc  gives  the  time  of  its  setting ;  and  if  it  be  subtracted  from 
12  o'clock,  you  get  the  time  of  its  rising. 

For  a  Stary  add  and  subtract  the  equation  to  and  from  the  time  at  which 
the  star  passes  the  meridian  (105),  and  you  get  the  time  of  its  setting  arid 
rising. 

The  Table  is  calculated  for  the  arcs  corresponding  to  the  time  when  the  cen- 
ter of  the  sun  appears  in  the  horizon,  the  eye  being  at  the  siir&ce  of  the  earthy 
thereby  taking  into  consideration  the  effect  of  refraction. 

Example.  In  latitude  52^  12';  and  declination  of  the  sun  23^  28'}  what  is 
the  time  of  its  rising  and  setting  ? 

Lat.  52°,  declin.  23°         -         -         -         -         arc  S\  16' 
53,    .  ...         arc  8.  22 


6 


Hence,  l""  :  12'::  6'  :  l'  to  be  added  to  8//.  16'. 

Lat.  52°,  declin.  23°         -         ...         .         arc  S\  16' 
24  ....         arc  8.  24 


8 


Hence,  1°  :  28' ::  8' :  4'  to  be  added  also  to  Sh.  16'. 

■I 

Tlierefore  the  semi-diurnal  arc  =  Sh.  16'  +  l'  +  4'= 8/i.  21'  the  time  of  setting  j 

and  1 2/r.  —  8//.  21'  =  3h.  39'  the  time  of  rising. 

6 


4S6^  THS  USE  OF  THE  TABCEff. 


TABLE  XLIV. 


Is  principalhf  intended  tojind  Turn  long  the  Body  qf  the  Sun  is  in  ascending 
above  iheH&riz&n^  or  Ae  Time  between  the  upper  and  kfwer  Limbs  tff  the  Sum 
touching  the  Horizon. 

Rule.  Etlt^r  with  the  declination  at  the  top,  and  latitude  at  the  tsdde,  and 
you  have  the  time  whidh  the  sun  is  in  ascending  1^'  If  the  declination  and 
latitude  be  not  found  in  the  Table,  the  time  must  be  found  by  proportion. 
Then  1^  :  the  'matneter  of  the  sun  ::that  time  :  the  time  of  its  rising;  or  by 
logistic  logarithms,  log.  of  sun's  diameter  +  log.  of  time  found  from  the  Tables 
slog,  of  time  required. 

Example.  ..c:How  long  will  the  sun  be  in  rising  at  Cambridge  on  June 
1,  1799? 

Here  the  latitude  is  52^.  12',5,  and  declination  22^.  6',  and  sun's  diameter 
31'.  88'. 

Lat.  52^  and  declin.  21**      .        .       time  for  l"*  is  8'.    4' 

'  ■■      53 .        —_-—  8.   20 


16 


Hence,  l""  :  12',5::  16" :  s"  to  be  added,  for  12',5  of  latitude. 

Lat.  52''  and  declin.  21°        .        .        time  for  1°  is  8'.    4* 
24  .         . 8.   43 


3  40 


Hence,  S"*  :  6'::  40"  :  l"  to  be  added,  for  6'  of  declination.  * 
Therefore  the  time  of  rising  1°  is  8'.  4"  +  3"+  l'  =  8'.  8".    Hence, 

Log.  31'.  38" 2780 

Log.     8.     8 8679 


Log.    4.  17  time  of  rising        .         •        1,1459 


THS'trSE  OF  THE  TABL£«. 
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TABLE  XLV. 

.,  ^Contains  ilie  Amplitudes  qftfie  Iieavenly  Bodies  at  ifie  Time  qf  ffieir  Risi7ig. 

Rule.  Enter  with  the  declination  at  ^the  head  of  the  Table,  and  the  lati- 
tude at  the  side,  and  ypo^  have  the  amplitude.  If  the  declination  and  latitude 
be  not  found  in  the  Table,  the  amplitude  must  be  found  by  proportion. 

Example.  If  the  declination  o£  a  star  be  17^  SOff  and  the  latitude  S1\  30^ 
what  is  the  amplitude  at  its  rising  ? 

Ldt.  57^,  and  dedlin.  17%  the  amplitude  is  32%  28' 
58 ^33.  29 


1.     -1 


Hence,  l^:  20'::  l%  l' :  20'  to  be  added,  for  20'  of  latitude. 

Lat  57%  and  declin.  17^,  the  amplitude  is  32%  28' 
18 34.  34 


1 


2.     6 


Hence,  1"*  :  SO'::  2^  6'  :  1°.:3'  to  be  added,  for  30'  of  declination. 
Therefore  32''.  28' +  20'  +  1%  3'= 34%  51'  the  amplitude  required. 

If  the  Table  be  entered  with  the  complement  of  latitude  instead  of  the  lati- 
tude, -you  will  get  the  sun's  altitude  when  on  the  prime  vertical.  This  follows 
from  hence,  that  if  for  the  sine  of  latitude  in  the  proportion  which  gives  the  alti- 
tude, you  put  COS.  lat.  it  gives  the  proportion  for  finding  the  amplitude.  This 
wiU  appear  from  Articles  «9,  91. 


VOL.  II. 


8  K 


458 


TH&  USE   OF   TUC  JAOI^^ 


:.M«f      <^^J       Vi       li    (.     . 


TABLl!i  XtiVf. 


■•   ■  ■  r  : 


Zs  to  find  at^  anjj  Time  wltat  Proportion  the  enlightened  Part  of  the  Face  of  ffic 

Moon,  or  Venus,  bears  to  the  Whole. 


I  ; 


Rule,  Enter  with  the  degrees  at  the  top  and  on  the  first  column  foi  the 
moon,  and  at  the.i>ottoni  and  last  column  for  VenuSj^^and  corresponding  to 
them  you  have  the  enlightened  part,  the  whole  face  being  represented  by  12^ 


i  ^ 


w  V. 


Example.    If  the  distance  of  the  moon  from  tlie  sun  be  1S7^  12',  wliat  is 
its  enlightened  part  ? 


t       V 


Dist.  137° 
138 


•  •  '      I 


enlightened  part  10,388 
10,458 


-  /.; 


.^ 


■'V    1 


•  \',070. 


Mcnpa,'!!"  :  12-  ::  ,070  :  ,014;  tlierefore  the  enlightened  part  b  I0}S88+»014 
•seilO^'liOS^tlie  whole  being.  12. 

Example.     If  the  angle  formed  by  two  Unes  drawn  from  Venus  to  the  earth 
«idsvm  ^be  50^  20V  what  is  its  enlightened  part  ? 


Angle  50' 


51 


enlightened  part  &,856 
: 9,776 


,080 


Hence,  l""  :  20' ::  ,080  :  ,027  ;  therefore  9^856  -  ,027  =  9,829  the  enhghtened 
part,  the  whole  being  12. 


TABLE  XLVII. 


Is  to  find  tlie  Hour- Angle  of  Jupiter  from  the  Meridian^  xchen  it  is  S""  above  tfte 

Horizon^  for  the  Latitude  oj  Greenmch. 

Rule.  Eater  with  Jupiter's  declination  in  the  column  with  that  title,  and 
against  it  you  have  the  corresponding  hour-angle.  If  the  dechnation  be  not 
Ibimd  in  the  Table,  the  hour-angle  must  be  found  by  proportion. 

4 
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Example.     If  Jupiter's  declination  be  22^  20"  N.  what  is  its  hour-angle, 


when  it  is  8°  high  ? 


Declin.  22^   o'        -        -        -        hour-angle  is  7^  1'.  50* 
22.  30         ••         • 7.  4.  41 


30  2.  51 


Hence,  30''  :  20'  ::  2'.  31"  :  l'.  54'';  therefore  the  required  hour-angle  is  A  !'• 

50"-hr.  51"  =  7\  3'.  44".  ' 


TABLE  XLVIIL 

Is  Jo  Ji72d  the  lloiir- Angle  of  tlie  SuVy  wJien  it  is  8*"  beloii^  the  Horizon^  for  Ike 

Latitude  of  Greenwich. 

Rule.  Enter  with  the  sun's  declination  in  the  column  with  that  title,  and 
against  it  you  have  the  hour-angle.  If  the  declination  be  not  found  in  the 
Table,  the  hour-angle  must  be  found  by  proportion. 

Example.  If  the  sun*s  declination  be  18^  15'  S.  what  is  its  hour-angle«  when 
it  is  8°  below  the  horizon  ? 

DccUn.  18^    O'         .         .        ^         hour-angle  is  5\  20'.    6* 
18.  30         .         -         -         5.  17.  ^ 


SO  2.  40 


Hence,  30':  15' ::  2'.  40" :  l'.  20^5  therefore  the  required  hour-angle  is  5*.  2C(. 
6"-1^20"=r5\  18'.  46". 

The  use  of  the  two  last  Tables  is  to  find,  \\4ietlier  an  eclipse  of  Jupiter's 
satellites  will  be  visible  at  Greenwich,  or  on  that  parallel  of  latitude.  For  if 
at  the  time  of  an  ecHpsc,  tlie  hour-angle  of  Jupiter  be  equal  to,  or  greater 
than  that  which  the  Table  gives,  and  the  hour-angle  of  the  sun  be  equal  to,  or 
Jess  than  that  given  in  the  Table,  the  eclipse  will  not  be  visible :  if  the  former 
be  equal  to,  or  less,  and  the  latter  equal  to,  or  greater  than  what  the  Tables 
give^  tlie  eclipse  will  be  visible. 


THB   USB  OP  THE  TABLESl  ; 


TABLE  XLTX. 


Is  a  Tahfe  of  Logistic  Logarithms,  ii'hich  isa'e  Jirst  cmplat/ed  bi/  Street^ 
end  are  notlting'but  the  conmon  Logarithm  subtracted  from  S,S563,  xi-hichis 
the  Logarithm  of  3600",  by  ishick  means  the  Logarithm  of  S600 '  (  =;  60 )  heciymes 
nothing,  and  the  Loj^ariHim  if  360  becomes  1 ,0000.  Por  Numbers  greater  tfuut 
3Q00y  tlic  Logarithms  votilcl  be  negative ,-  but  instead  of  pulling  liicm  dotm  -so, 
their  arithmetic  compUments  are  put  down. 

Role.  If  the  first  term  be  60',  or  3600",  add  the  logarithms  of  the  second 
and  third  terms  together  ;  but  if  the  sum  of  tlie  two  last  figures  iu  the  addi- 
tion, the  index  excepted,  be- equal  to  or  greater  than  10,  you'  Jil'C  iVct  to 
cany  1  to  the  index,  and  the  siim  is  the  logarithm  of  the  fourth  term.  If  tHt  " 
second  term  be  GO',  subtract  the  logarithm  of  the  first  term  from  the  logarithm 
ol*  the  third,  adding  1  to  the  index  of  the  logarithm  ofthe  third,  if  necessary,, 
and  tlie  remainder  is  the  logarithm  of  the  fourth  term . 


KxAMPLE  I.  What  is  a  fourth  proportional  to  60',  65'.  25",  and  57'.  4J " 

log.  gesj 

log.  2020 
-      log.   1645 


65'. 

25" 

37. 

41 

Answer  41. 

5 

t 


Example  II.  What  is  a  fourth  proportional  to  60',  1'.  36",  and  S^.-SS".?: . 


r.  S6*- 
87.   38 


Answer    o.  44. 


log.  1,5740 
log.      336T, 


log.   1,9107 


ExAUPLE    III.   What  is  a  fourth   proportional  to  l&,   47",  etf,  and   17' 

afi- 


17.  28" 
16.  47 


log.  5359 
lug.  5323 


Answer  62.  27 


-     log.  9826 


THE   USE   OP  THE  TABLES*. 
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Here  it  was  necessary  to  add  1  to  the  index  of  the  logarithm  of  the 
third  term,  or  which  is  the  same  thing,  la  was  added  to  the  last  figure  5  of 
the  upper  line. 

Example  IV.  WKat  is.a  fourth^  proportional  to  27*.  19^,  Gcf.  and  A*,  a''? 


A 


27^  19  V,.,.,  ,  .^ 


.    ,    log.  1/)66S 
*     log.     3417 


Answer  ll.  19 


7246 


■        .    .       !  ♦         .  -i 


•    { 


If  th,9  fir^t  term  be  24^..  and  the  second  term  be  hours  and  minut«^^  and  the 
third  tei^rti  be  giv^n  in  time,  or  be  an  arc^.  we  may  find  a  fourth  proportional, 
by  conceiving  the  head  of  the. Table  to  represent  hours. 


n 


Example.  What  is  a  fourth  proportional^to  24/i.,  13/r..53',  and  1&,  34"? 


24h. 
13.  53' 
76'. .  34" 

Answer.  44.  17 


ar.  CO.  602 1 

6357 
8941 


1319 


We  reject  2  in  the  index,  because  the  first  and. third  terms  are  arithmetic 
complements,  and  1  is  to  be  rejected  for  eaeh^     * 

In  like  manner ,.whatever  may  be  the  three  terms,  whether  hours  and  minutes, 
minutes  and  seconds  of  time;  degrees  and  minutes,  minutes,  and  seconds  of  an 
arc,  or  two  of  one  and  one  of  the  other,  a  fourth  proportional  may  be  £;)und, 
provided. the  quantities  fall  within  the  limit  of  the  Table*.       :; 

We  conclude  this  volume,  with  a  catalogue  of  fixed  stars  by  Bradley, 
De  :^  Caille,  Zacb,  and  Mayer.  . 


(     «2     ) 


Dr.  BRADLEY'S  CATALOGUE  OF  FIXED  STARS, 
THE  BEGINNING  OF  1760. 


Numb. 

-i" 

Mnn  Riihc 

An.  Pre«!.  In 

Mcin  DilUDW 

^P..^,. 

rf 

Nimei 

Aicenrion,      . 

fnn>  N.  Pol(, 

DeduMran, 

Sun. 

of  lilt  Stiifc 

f 

Jin.  I,  1760. 

Jul.  1,1,-60. 

1)60. 

lioa. 

7^ 

iSoa 

!>.     «.    H. 

B. 

s 

».     U:    S. 

'a. 

'   »- 

I 

y  PeguH 

~^ 

0    13    35.1 

45,95 

45.99 

76.     9.     5,3 

20.01 

20,01 

2 

.c^ 

3 

1.  +7.  59^ 

45,80 

45,79 

100.     9.  20,8 

S0,Oj 

19.99 

3 

•  d  Piieium 

5 

2.     4.     1.0 

4(1.01 

16,04 

88.     8.  39,7 

20,00 

19,99 

* 

i  Andromcdi 

3 

6.  3fl.  13,7 

47,y4 

47.36 

GO.  27.  20.0 

19,88 

19,85 

3 

ft  Casikipdx 

a 

6    4j    35,0 

49,32 

49,63 

34    46.  53,5 

19,87 

.19^85 

6 

/AndramMix 

3 

7.  52.  59,0 

44,97 

44,92 

109.  J  8.  27,1 

19,82 

19,80 

7 

4 

H.  30.  58,0 

47,20 

47.30 

67.     2.  30,5 

19,78 

19,75 

8 

•aOCrti 

5 

10.  11.  19,0 

45,78 

45,78 

92.  27.     8,0 

19,70 

19,66 

9 

?  CastiopeiiC 

3 

10    36.  19,0 

52.16 

52,55 

30.  35.  IG,2 

19,67 

19,63 

10 

•  ( Piscium 

i 

12.  37.  4.1,0 

46,43 

46,47 

83.  24,  26,6 

19,53 

19,48 

11 

*  c  Pise, am 

r, 

i4.     0.  30.0 

46,30 

40,33 

85.  37.  30,8 

19,42 

19,37 

la 

,5Aidroro«]» 

'2 

14.     (i.  29,2 

49,26 

49,41 

55.  39.  32^ 

19.41 

19,36 

13 

,Ccti 

3 

14.     7.  48,0 

44.04 

44,92 

lOI.  27.  39,4 

19,41 

19,36 

14 

S  Ciis5i.>]«i3e 

4 

14.     9.  48,0 

52,65 

52,9.5 

36.     7.  56,0 

19,10 

19,3,5 

15 

•  I  Piscioiu 

J- 

15.   18.  18.0 

46,52 

46,55 

83.  42.     0,3 

19,30 

19,25 

IG 

I  Cassiopeia: 

3 

.17.  34.  49,0 

55,98 

56,41 

31      1.     9,5 

19,08 

19,01 

17 

6  Cell 

3 

18.     0.  33,0 

4t.yo 

44,90 

99.  25.  40,6 

19,03 

18,97 

13 

•  y.  Piscium 

5 

19.  24.  35,0 

46,50 

46,54 

85.     6.     0.5 

18,88 

18.81 

10 

'  ti  PLscium 

5 

19.  40.  14,0 

47,«2 

47,G9 

75.  53.  65,0^ 

18,S5 

18,78 

20 

•^  Piscium 

5 

21.     G.  13,0 

47,32 

47,38 

79.     5.  39^7, 

18,67 

18,60 
18,52 

21 

•  ia5  Piscium 

5 

21.  41.  33.0 

47.9:i 

48,02 

74.  i9.  11,7 

18,60 

'22 

• .  Piscium 

4. 

22.  14    26.0 

46,49 

46,.'t3 

85.  44.     7,3 

18,52 

18,45 

23 

•.Piscium 

4 

23.  n.  14,0 

47.03 

47.08 

82.     3.  31,8 

18.40 

18,32 

24. 

I  CHstiopcix 

3 

24.  21.     0,0 

61,76 

62,32 

27.  31.  26.8 

18.23 

18.13 

25 

y  Aiiclis 

4 

25.     6.     4,8 

48,70 

48,79 

71.  .53.  33,0 

18,12 

18,04 

2fi 

,3Aiieti3 

3 

25.  21.  26,1 

48,98 

49,09 

70.  22.  29,8 

18,09 

18,00 

27 

•.Aiiciis 

.5 

26.     4.  13,5 

48,56 

4ft,64 

73.  21.  50,6 

17.98 

17,89 

28 

X  Arii'iig 

5 

2.>.     9,     8,1! 

49,.17 

49.08 

67.  35.     4,!i 

17,96 

17.87 

2!) 

y  Andiomtda- 

2 

27.  19.     7,0 

53,f/6 

54,18 

48.  50.     2,0 

17,78 

17,68 

ao 

«  Piscium 

S 

27.  2t.  46,0 

¥S,\S 

4fi,23 

88.  21..  18,4 

17,77 

17,68 

31 

a  Aric-tis 

2 

28.  25.  26,6 

49,ft4 

i!i,'X> 

67.  41.     1,4 

17,60 

17,50 

32 

■  19  Ariclis 

.5 

30.     0.     8,0 

48,ifi 

4B..53 

75.  51.  23,8 

17,33 

17,23 

3n 

•  1  f  Ceti 

5 

30.     4.  3.5,0 

47.30 

47,34 

.S2.  17.  23,2 

17.32 

17,22 

24 

•1  fjAiictis 

.5 

3i.  12.  18,0 

•19,45 

40,55 

71.  13.  17,9 

17,12 

17,01 

35 

',  Ccti,  var. 

2 

31.  48.  41,0 

4.5,1s 

45,20 

94.     4.  44,7 

17,01 

16,91 

i    ■»?3    ) 


,Dr.  BR APLfJYV  CATALOGUE  OF  F{XED|  CTAW 


Numb. 

S 

Mean  Rieht 

An.  PrrrtJ.  in 

Mein  Dijtaoct 

An.  PrecH.  in 

of 

Nime. 

I 

AKcniion. 

U^l  Aiceniion, 

ft™  N.  Pole. 

Dtcliniiion, 

Sun. 

of  theStirfc 

1' 

J.n..,17fo. 

J.-.  .,1760. 

1760.      iSoo. 

.760. 

1800. 

D.  li.   a.  - 

a. 

s. 

8. 

3(.' 

2  fCeti 

* 

33.   51.  84,0 

47,37 

47,43 

82.    37.  41,0 

16.62 

16,51 

nr' 

J  (fell ; 

3 

36.  47.  59.5 

4.>,7a 

i5,31 

90.    43.     9,3 

16,03 

15.91 

^9  , 

e,  Pvrsti 

,4 

36.,  58.  56.0 

69.39 

59,68 

41.    48.   13.4 

^.99 

15.ti4 

..(>ti 

3 

36-  39-  3i,0 

43,17 

43.18 

02.   54.     9,5 

15,99 

15,88 

40 

S&  Arietis 

4 

ST.  ai.  S8,0 

62,03 

52,16 

63.    19.  43,2 

15,91 

15,78 

41 

yCeli 

3 

37.  43.  27.0 

46,40 

46,45 

87.    47-   1S.4 

15,83 

15,72 

4'J 

•  ^  C.ii 

4 

38.     0.      6,0 

47,90 

47.96 

80.    54.  46,8 

15,77 

15,65 

43 

irCeli 

3 

38.   10.  39,0 

♦2,64 

43,65 

04.    53.   14.5 

15,73 

15,63 

44 

T  Perse  i 

5 

3y.  20.  51,0 

62,03 

6-i,37 

38.    14.   18,4 

15,48 

15,32 

45 

•  -3  {  ArielJs 

J_ 

30.  43.  55.0 

49.93 

50,02 

72.    56.   57.0 

15,17 

15,03 

4C 

•1  Eridaiii 

3 

41.  10.  45,0 

43.64 

43,66 

99-    51.  58,0 

15,06 

14,95 

47 

•  r  Arielis 

5 

41.  23.     0.2 

50,8 1 

50,94 

69.    38.     5,h 

15,02 

14,88 

48 

Y  Perati 

3 

41.  53.  38,0 

63  36 

63,71 

37.   28.  13.7 

14,90 

14,73 

4!) 

aCpli 

a 

42.  .26.  24,1 

46,67 

46,72 

86.    51.  59,8 

14,77 

14,64 

50 

^  P«r.ei 

3 

43.     9-   52,0 

57,42 

57.62 

49.    S9.  I5,ti 

1 4,60 

14,44 

51 

*  0  Ariwtia 

4 

44.   29.   11,0 

60  70 

50,80 

7!.    11.  535 

14,23 

14,14 

5-2 

•  ^  Ariotia 

5 

45.   17.   19,0 

51,14 

51,24 

69.    51.   40,2 

14,08 

13.93 

53 

13  Eridaui 

3 

4.'-.   28.     7,0 

37.73 

37,70 

119.    56.   51,6 

14.04 

13,93 

54 

^Kridoiu 

3 

46.     2>   54J) 

43.46 

43,43 

99.    43.  32,8 

1389 

1377 

55 

a  Persei 

2 

46.  4ff.  50,0 

62,71 

62,99 

4J.     0.  50,9 

13.69 

13,51 

56 

■  'J  TAiicm 

5 

47-  14i  48,0 

51  24 

51,33 

70.     3.     2.3 

13.59 

13,44 

57 

•  ITaun 

4 

49.  2+.  48,3 

*9<19 

4926 

77.    54.  10,6 

13,01 

12.87 

53 

17  Erid^ni 

4,5 

4;i.  41.  +8,0 

44,35 

44,38 

95.  54.  468 

1 2.95 

12.81 

-      59 

J  Persei   , 

■3 

51.   29.   11,0 

62.78 

62.97 

43.     0.     9.8 

12,-Wi 

12,26 

60 

•  li  Pk-indum 

5 

52-  40.     7,0 

■V2,79 

52,89 

66.   39.  38,0 

13.14 

11.97 

6i 

■  e  Pkuidum 

5 

52.  4*.   32.C 

■52.9« 

53,02 

66.  IS.  16,2 

12,12 

11,95 

62 

i  P>ri(l>Llii 

3,4 

52.   5ti.  33,t 

42,94 

42,96 

100.  35.  32.4 

12,06 

11^-3 

63 

*  (J  Pleiiidum 

5 

53.     -2.      1,(J 

52.?7 

52,87 

66.  49.     6,i 

12,03 

11.87 

61 

•   «T«UTi 

3 

53.    18.  55'J 

52,85 

52,95 

66.  39.  22. 

11,96 

11.79 

65 

y  Eridaiii 

2 

56.  42.  35,( 

41,69 

41,71 

104.    12.  26,. 

10.98 

10,85 

66 

1  ;^  Pereei 

4 

^7.   12.     6, 

63,75 

65  S9 

40.    19.   28., 

10.84 

10.62 

6? 

•  A  TaLiri 

4 

.77.  38.     1, 

52,55 

52,64 

68.   35.  37, 

10,71 

10,54 

63 

•  ?  Tauri 

i 

61.  24.  32, 

54.79 

.'-,4,8  8 

63.    14.   45, 

9,58 

9.39 

69 

•  7  Tiiuri 

3 

.61.  32.  26 

50,65 

50,71 

74.   58.  20. 

.9.54 

9.34 

70 

•xT«>in 

5 

62.     0.  16, 

54,18 

54.27 

64.   57.  30,8|    9,39 

9.21 
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»«.  BRADLEY'S  CATALOGUE  OF  FIXED  STABS, 


Numb. 

, 

Mrin  His'" 

A...  Prtcei.  in 

Max  D 

OtDCC 

An.  Pn«*.  in     | 

of 

N™e, 

"s. 

Aieenui'n. 

Kjglii  Atccniion, 

froniK 

Pcjk, 

□ccli 

•lion. 

Sun 

oflhiStan. 

^ 

Jm.  I.  llfc. 

!«>.., 

760. 

X-.6C 

iSoo. 

.760. 

1800. 

D,    M,    S. 

a. 

8. 

D.       M.       S, 

s. 

>. 

71 

•  UTauri 

4 

62.  16.  57,0 

5I.:)2 

51,39 

73.     2 

28,6 

9.31 

9,13 

72 

•2JTM.ri 

4 

S2.  34.  25,0 

M.:H 

fil.38 

73.    7 

56,9 

9,22 

9,th 

73 

•WTauri 

62.  -Ifi.  34,0 

.5.<),02 

53,09 

68.  16 

3H,<J 

9.16 

8,97 

74 

•S.Tauri 

4 

62.  47.   18,(1 

52,9a 

53,06 

68.  22 

IV 

9,15 

3,97 

•  3  i  Twri 

5 

62.  54.  39,0 

51,50 

51,56 

72.  38 

31,5 

9,11 

8,93 

'  1  V  Tsuri 

5 

62.  59.  43,0 

53,"2 

53,30 

67.  45 

7.8 

9,09 

b.w) 

77 

•  1  Tauti 

2 

6S.  tS.  28,5 

■i^fv; 

52,04 

71.  22 

2.5,3 

8,88 

8,70 

78 

'IflTauri 

.1 

8S.  4-i.  22,0 

50.87 

50,92 

74.  35 

*J}t,5 

8,86 

8,-* 

79 

•  2  9  Taufi 

I 

6S.  44.  47,0 

50,fii 

.50,90 

74.  40 

m.() 

8,8.? 

8.(J7 

**0 

•Aldetarao 

1 

6.5.  32.  38,7 

51,15 

.^1,21 

73.  59 

:sH.7 

8,29 

8,10 

8) 

•  ,  Twri 

,1 

(*•.  53.     5,0 

5F,,r>r>\  53,61 

67.  31. 

s\n 

7.83 

7,64 

82 

I  T  Orionii 

4 

69.  23.  16,0 

48,72 

48,75 

81.  31. 

.55,1 

7,05 

6.87 

83 

7Cainolm>aii|. 

/: 

69.  31.  48.0 

71,12 

71,31 

36-  39. 

«,3 

7,00 

6,7* 

84 

4 

72.  11.  37,7 

sxm 

53,38 

68.  46. 

SI,5 

6,11 

5,91 

83 

-mTwi 

£ 

73.  19.  12,0 

52,27 

52,31 

71.  49. 

1,2. 

5.74 

5^5 

86 

•  10ST«uri 

5 

73.  23.  58,0 

fiXm 

53i65 

6?.  m. 

12.2 

.^,72 

5,52 

S7 

h  EriLiini 

74-     1.     5,0 

44,10 

44,12 

95.  24. 

.56.1* 

.'i,',\ 

5,"A 

tia 

crdi. 

1 

:k  4  k    '.9,5 

05. 7  i 

G.%R  I 

■11.  IG. 

3.-M 

5,02 

89 

Rigcl 

J 

7.5.  4.^.  10,9 

4,'!,0,i 

4:^05 

98.  29. 

.50,7 

4,93 

4,76 

SO 

.^T..ri 

2 

77.  47.     7,0 

56,49 

BC.S'l 

61.  ST. 

12,0 

4,23 

4,02 

91 

yOrionis 

a 

7S.     4.     8,0 

48,0-: 

♦S.O.-! 

83.  53. 

20,7 

4,14 

3.95 

92 

•oTotiri 

-^ 

78.  la  35,0 

55.73 

53,8(; 

68.  17. 

:;o,7 

4,06 

3,85 

03 

24- Ononis 

3 

7S.  34.     9.0 

4«,<M 

46,93 

87.    7. 

.59,.'; 

vr? 

3,79 

94 

8  Leporia 

S 

79.  29.  40,0 

38,39 

38,40 

110.  58. 

♦,.1 

S,f^3 

3,50 

93 

^OriVnU 

2 

79.  5G.  22,0 

45,76 

45,77 

90.  29. 

50,1 

3,50 

3,32 

96 

a  I eporis 

3 

SO.  S2.  21,0 

39,51 

39,52 

108.     0. 

43,0 

3,29 

3,1* 

97 

"fToHri 

.■* 

SO.  49.  +1,« 

55,50 

53.53  j 

f>9.      1. 

';7,4 

3,19 

2,98 

98 

r  Ononis 

2 

81.     0.  +1.0 

45,45 

45,47, 

91.  22. 

33.3 

3,13 

2,95 

99 

.'! 

81.   13.     4,0 

r>3A(i 

6*.  15. 

44,3 

3,06 

2.84 

100 

*  ISSTau.i 

1. 

83.  34.  30,0 

54.97 

55,00; 

65.  32. 

17.3 

2,24 

2,03 

101 

3 

83.  37.     3,0 

37,67 

87,68  j 

112.  92.  47/1 

2,22 

2.08 

102 

*  ISGTauri 

fi 

84.  33.  46.0 

56,31 

56,33 

62.  ed. 

9,0 

1,90 

1,68 

103 

J  Aurig^e 

4 

84.  46.  44,3 

73,60 

7S,6.'!l 

35.  45. 

.5r!.2 

1.82 

1,54 

104 

•  1  ;,  Oitonis 

."i 

R.5.     2.  ■H.n 

Jli.S" 

.^3,LS' 

69.    17. 

2'!,', 

1,7:1 

1 ,52 

105 

'  -X  Ononis 

5 

«j.  11.     7,0 

.■:i/)6 

5J,07l 

70.  I  a 

4-J,7 

1,6S 

1,47 
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Dtt.  BRADLEY'S  CATALOGUE  OF  FIXED  STARS. 


Numb. 

• 

1 

Mean   Right 

An.  Preces.  in 

Mean  Distance 

An.  Precet.  in 

of 

Names 

1- 

Ascension, 

Right  Ascension, 

from  N.  Bok, 

Declination, 

Scars. 

of  the  Stars. 

c 
1 

Jan.  I,  1760. 

« 

Jan.z,  X76a 

1760. 

x8oa 

1760. 

1800. 

■ 

D.      M.      S. 

s. 

& 

D.     M.     S. 

S. 

« 

8. 

106 

\  a.  Orionis 

85.  32.  47,2 

48,50 

48,51 

82.  39.  34,5 

1^5  J 

1,37 

107 

0  Aurig« 

4 

85.  50.  21,0 

61,06 

61,11 

52.  49.  51,6 

1,45 

1,21 

108 

♦  H  Gemino. 

5 

87.  23.     1,0 

54,52 

54^53 

m,  44.  51,9 

\«91 

0,70 

109 

*  jc  Auri^ 

5 

90,     1.  18,0 

57,28 

57,28 

60.  26.  18,9 

0,01 

0,23 

110 

*  *i  GemiDo. 

4 
3 

90.     5.  52,8 

54,24 

54,24 

67  26.  51,7 

0,03 

0,25 

111 

*  ffr  Gemino. 

92.    6.  34^1 

54,26 

54,25 

67.  23.  13,3 

0,74 

0,95 

112 

♦  » Geminoruro 

4 

93.  40.  39,7 

53,34 

53,32 

69.  39.  34,6 

J, ^8 

1,49 

113 

23  Gemioo. 

5 

95.  32.     4,0 

52,08 

52,06 

—   —   — 

1,93 

2,13 

114 

y  Gemino. 

2 

95.  57.  37,3 

51,85 

51,84 

73.  25.     8,4 

2,08 

2,28 

115 

•  26  Gemino. 

5 
3 

97.    6.  20,0 

52,33 

52,31 

72.     8.  33,2 

2,48 

.  %68 

I" 

116 

*  f  Gemino. 

97.  17  20,7 

55,33 

55,30 

64.  39.  19,7 

2,54 

2,75 

117 

*  28  Gemino. 

5 

97.  23.    5,0 

57,04 

56,99! 

60.  4a  41,5 

2,57 

2,79 

118 

Sirius 

1 

98.  38.  36,8 

40,10 

40,10 

106.  24.     6^ 

3,01 

>3,16 

119 

*  f  Gemino. 

4 

102.  27.  57,0 

53,39 

53,35 

69.     6.     2,1 

4,S2 

4,52 

120 

*  51  Gemino. 

5 
5 

104.  53.  40,0 

51,67 

51,70 

73.  27.  21,8 

5,14 

5^34 

121 

19Lynci8 

105.  48.     8,0 

74,16 

73,97 

34.  17.  49,0 

5,45 

5,73 

122 

*  \  Gemino. 

5 

106.     4.  22,0 

51,78    51,75 1 

73.     2.  54,7 

5,54 

^  5,73 

123 

♦  I  Gemino. 

3 

106.  26.  38,0 

53^84 

53,79 

67.  35.  53,7 

5,67 

5,86 

124 

♦  q  Gemino. 

5 

106.  m.  31,0 

53,23 

53,20, 

69.     7.  33,8 

5,83 

6,03 

125 

♦  i  Gemino. 

5 
5 

107.  42.     2,0 

56,17 

56,11 

61.  44.  54,5 

6,08 

6,29 

126 

♦  p  Gremino. 

108.-^2.     8,0 

53,57 

53,51 

m.    5.  12,0 

6,31 

6,50 

127 

n  Canis  maj. 

2 

108.  39.     8,0 

35,48 

35,48 

118.  50.  57,0 

6,40 

6,53 

-128 

Castor 

1 

109.  48.  45,7 

57,87 

57,39 

57.  36.  36,0 

6,78 

6,99 

129 

♦  V  Gemino. 

4 

110.  16.  ^1 

S6m 

.55,59 

62.  35.  36,0 

6,94 

7,14 

130 

♦  f  Gemino* 

5 

1 

111.  24.)    2,0 

52,05 

52,00 

71.  48.     1,0 

7,30 

7,47 

131 

■  Procyon 

111.  40.*  56,8 

47,82 

47,79 

84.  10.  36,0 

7,39 

7,56 

132 

*  X  Gemino. 

5 

112p  28.  59,0 

54,53 

54,47 

%S.    2.  54,0 

7,65 

7,85 

133 

Pollux 

I 

112.  39.     3,7 

55,99 

55,91 

61.  24.  56,8 

7,71 

7,90 

134 

♦  g  Gemino. 

5 

113.    3.  12,0 

52,30 

52,24 

70.  SS.  32,2 

7,84 

8,02 

135 

26  Lyncis 

5 
5 

114.  17  24,0 

66,30 

66,11 

41.  50.  18,1 

8,23 

8,47 

136 

♦  ^  Gemino. 

114.  41.  34,0 

55,83 

55,25 

i62.  $8.     6,1 

8,36 

8,55 

137 

*3Cancri 

5 

116.  57.     4^0 

52,03 

51,96 

71.     7.    2,8 

9,07 

9,25 

138 

^  Cancri 

5 

118.     0.  54,0 

53,54 

53,46 

^m.  41.  57,2 

9,40 

9,58 

139 

♦24.  Cancri 

4 

118.  59.  26,0 

54,55 

54,46 

63.  46.  59,2 

9,70 

9,88 

140 

/9  Cancri 

3 

120.  52.  13,0 

48,93 

48,88 

8a     5.  35,0 

10,27 

10,43  1 
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BH./P»-ADtEY"s  CATALOGUE  OV  WXl?a  STABS. 


NiBnh. 

^ 

Mem  Kiihl 

.^n.  Pii«i  in 

Mfan  JJlriiacc 

An.  Piftw.  ia 

'ef' 

a.- 

Akwwwi, 

Right  Aicnin™, 

frem*.  Pol.. 

Dccli«t««. 

Sfn. 

o(  ibc  Sun, 

f- 

Jm 

1.1760. 

Ja.5.i76a 

17fi3- 

■Eoo. 

i?6o. 

1803. 

D. 

M.  1  S. 

S. 

D.      M.     a. 

s. 

.. 

HI 

*flCancri 

124. 

£8.   16,0 

.'il,.17 

51,40 

71.     6.  44.5 

U,33 

H.49 

14'2 

•aCancri 

124. 

41.,  5*0 

.52,3i 

5i,'2.t 

68.  45.  40.5 

67.  4.1.     9.1 

Il^S 

t!..5e 

143 

•,Canci 

l-.i7. 

£0.  39,0 

5'AW 

52,36 

12,14 

13,30 

m 

•JCaom 

4 

Iii7. 

45.   17,0 

63% 

48,30 

70.  58.  47,9 

12,25 

It4t 

U5 

.Ur«mi. 

im 

40.     2,0 

63,09 

ftl.     a.     3.1 

13,04 

13.23 

14-fi 

•  1  i  Caucri 

ISO. 

41.  58,3 

+9.30 

49.23 

77.  28.  22,1 

13.05 

,13.19 

r+7 

•  2  »  Caocri 

131. 

SO.    4,8 

4i*,33 

49,37 

77.   13    t3.7 

1V2 

13,36 

■^IM- 

'xCaDcri 

isa. 

40.  53.0 

48,90 

48,84 

78.  22.  52.5 

13,82 

U.03 

■:.  1*!^ 

•{Cancri 

6 

1S3. 

SB.  48.5 

52,06 

66.  59.  57,S 

13,87 

14.01. 

■1*0 

*  ji  LeoDJs 

5 

138.  53.  50.0 

4».'i7 

79.  54.  42,5 

15,08 

15,30 

IBl 

»Hydrz 

» 

l.'iS. 

Se.  57.0 

44,17 

44,l.'i 

97.  37.  48.0 

15,09 

15.20 

■152 

flUassKmaj. 

.'i.4 

IW. 

10.     9,0 

63,14 

37.   14.  35,0 

15,14 

15»30 

153 

VL«ni«^ 

4 

isa 

44.  49,0 

48,81 

48,69 

77.  39.     4.3 

15.27 

15,39 

lOLeoD  min 

4,.'; 

laa. 

51.  36,6 

5.i,ii2 

55,6"J 

52.  33.     6,3 

15,30 

15,4* 

^    ISJ 

lOLMmi 

5 

l:4L 

7.  58^ 

47.(i7 

47,61 

82.     5.  58,5 

15,58 

15,69 

156 

•  6  Lwitii* 

4 

142. 

4.  50,0 

4K,31 

48,2.5 

15.79 

15,«) 

157 

1  Leonit 

.1 

143. 

2.  44,0 

51,50 

5],i9 

6.5.     7.  59,5 

15,99 

I&ll 

158 

•  .  Leonis 

n 

146. 

19.  20,0 

48,61 

43,i:J 

76    25.   16,5 

16.'i5 

16i76 

159 

••■LeaDis 

4 

146. 

52.  44,0 

1:","0 

47,'J4 

bO    48.  51.7 

16,76 

16,86 

160 

•tiLeoaw 

4 

144. 

33.  18,0 

W.30 

49,22 

72.     4.  37,5 

17,07 

17,17 

161 

*  A  Lconis 

5 

148. 

47.   IC,0 

47,i/T 

47-91 

78.  50,   10,9 

17,12 

17.21 

162 

*  Regulua 

1 

US. 

53.  32.5 

4»,.'J4 

48,27 

76.  52.     9,1 

■  17,14 

17,23 

163 

fL^ni* 

s 

i.W. 

49.  28,0 

5(J,3S 

.50,28 

6.5    23.  47,8 

r17,47 

17,56 

164 

yLeom. 

y 

151. 

40    3.5,0 

49,58 

■19,1* 

68.  57    134 

)7,62 

17,70 

1G.1 

f  UtM  m^ij. 

s 

151. 

59.     9,0 ;  54.60 

5t,S7 

47.   18.   10,5 

■>^67 

17.76, 

166 

"  f  Leonis 

4 

I,W. 

2.  25,0 

47,5.1 

47,44 

J«,14 

111,19 

167 

•  48  Leonis 

5 

I,i5. 

34.     0.0 

47,12- 

47.06 

1«,22 

18.29 

168 

'  37  Sextantis 

6 

158. 

23.  42/) 

'Hi.Hl 

46.8T 

82.  22      0.1 

18.61 

IN67 

169 

•  33  SextaniiE ' 

f; 

158. 

42.  21.0 

46,90 

4fi,S.> 

S'i    23.  40.1 

18.65 

18,71 

170 

-  55  Leonis 

J 

160. 

50.  19,0 

4ti,16 

4<i.l3 

87.  .59    20h5 

18,90 
18,91 

18,90 
18,96 

171 

•  56  I>oiiis 

6 

160 

53.   17,0 

4'i,r9 

46,7* 

82    32    24,0 

172 

e  T>s«  maj. 

y 

161. 

47.  5(i,0 

.i5.W) 

55.i0 

32    20    13.9 

mei 

19i07 

*d.U;ooi. 

2.  2i>,0 

4(j,4(! 

46,1  _' 

sr>.    r,  .55,0 

10,04 

l9.'>y 

174 

C  LtODig 

5 

162. 

4.  30,0 

n;,7;( 

4(i,68 

8'J    36    53,1 

19/W 

19,09 

175  ■ 

a  Ursi  maj. 

i,2 

1... 

la  35,0 

iV,9? 

57,45 

26    57    ^?.,1 

19,05 

19,12 

C    «7    ) 
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Namt. 

^ 

Mttn  Rjjjhi          An.  PrtMi.  in 

McaiiDi>tJi«c 

An.  Pr«a.  in    j 

of 

Nimci 

fe. 

A.Cfn,iop,           Ri£bt  AKcnrion 

rom  H.  PtJt, 

Scarj 

of  ilw  Sim. 

' 

J.n,  1,  lj6o. 

J».  I.  1760. 

'  ! 

1 76.. 

.Boo. 

176c. 

1800 

D.        M.     S. 

s. 

B. 

0.      M.    a. 

.-. 

s. 

,  iW^fibx--^ 

163.     9.  2G.0 

46.81 

46,76 

81.  22.  16,7 

19,15 

19.20 

;    ii7 

J  Irfi>ni8 

s 

16.5.  19.  .18,0 

47,96 

47,87 

68.     9.  53.^ 

19,36 

1*40 

l.Tfi 

»  LL-oniii 

3 

165.  2*.  23,fl 

47.44 

4f,.1V 

75.   IS,  46,5 

19,37 

19,41 

U!) 

'  75  Lconii 

T 

166.  1*.     1,U 

4^20 

46,18 

88.  40,  21,8 

19,44 

19,48 

180 

5 

!6(j.  38,  57,0 

46,17 

46.14 

87.     2,  15,5 

19.47 

19,51 

I'll 

•  9  I.eoni> 

.T 

167.   n.  17,0 

46,50 

46,46 

82.  39.  ;i0,3 

19,52 

19,55 

IS2 

.%H 

167.  55.  51,0 

4S,I3 

46,10 

87.  16.  40,1 

19,57 

19,60 

183 

*  T  Looni* 

4 

68.  53.  51,0 

4(i,21 

46,18 

85,  49.  27,5 

19,64 

J  9,67 

ISi 

.■! 

69.  30    53,0 

4.5,82 

45,80 

91,  40.  54,8 

19,68 

i9,7l 

185 

•  u  Lcoiiis 

* 

71.     9.  57,0 

45,95 

45,94 

89.  30.     J, 6 

19.78 

19,80 

186 

•  1  J  Vigloi, 

.■! 

173.  13.  35,0 

4j';,.is 

4fi,29 

80.  24.  r.'J,8 

19,87 

19,69 

187 

•,Virgi»i, 

.■> 

73.  22.  41^ 

4^25 

46,21 

82.     7.  S.5,0 

19,88 

19,89 

18S 

i,9. 

74.   11    59,0 

46,50 

46,43 

74.     5.  13,0 

19,91 

19,92 

m 

•Syir^fni. 

S 

74.  32    5 1,3 

4fi,03 

46,03 

86.  52   56,1 

19,92 

19,93 

193 

yVnxmnj. 

2 

175.  16.  25,0 

48,29 

48,00 

34.  S3.  16,1 

19,95 

19,96 

.  191 

•  f  Virgbi, 

,'i 

177.     8.  2S,0 

46,07 

46,04 

82.     2.  .-JftS 

-19,99 

19,99 

192 

.1 

180.  51.  27,0 

45,44 

4.'-..  16 

31.  37.  54,1 

20,01 

20.00 

193 

S 

180.  52.  30,0 

46,01 

46,07 

106.  12.  27,1 

20,01 

20,00 

19)- 

•  n  A  irginis 

.■; 

ISI.  35.  43,0 

4.5,93 

45,93 

89.  27.     1.3 

iM.OI 

20,00 

195 

^  B  ^  irgioii 

3 

181.  54.  30i7 

45,94 

45,95 

89.  19.  51,9 

20.00 

19,99 

196 

•c  Virgin,-. 

3 

182.     2.  32,0 

45.87 

45,86 

85,  20.  5.'-.,7 

20,00 

19,99 

197 

t  Drjconi* 

3 

85.  46.  32,0 

40,04 

39,67 

18    53.     2,6 

19,91 

19,89 

198 

•  X  VirgioU 

.■5 

86.  43.  19,0 

46,21 

46,23 

96.  40.  13,5 

19,88 

19,85 

)99 

<  ,  Vir^m. 

.1 

87.  22.  45,9 

4.-5,93 

46,95 

90.     7.  43,5 

19,85 

19,82 

800 

•  i  Virgtnw 

.I 

90.  28.  32,0 

46,45 

46,50 

98.  13.  47,8 

19,68 

19,64 

.      201 

»  Virginii 

.H 

90.  52.  54,0 

4,5,62 

45(62 

85.   17.  32,5 

19,65 

19,61 

202 

,  Vir.ini. 

3 

92.  33.  31,e 

44,98 

44..4'/ 

77.  4  k  43,5 

19,-53 

19,49 

fioa 

•gVitglni. 

.■i 

93.  SO.  21,0 

46,72 

46,77 

99.  27.    -0,8 

19,43 

19,38 

'20* 

•eVirginw 

4 

94.  lit.  16fcO 

46,80 

46,33 

M.  15.    3,2 

19,39 

lil,34 

305 

•  Spia  Vi,,;. 

1 

98.     H.  44,1 

47.01 

47,07 

99.  54.     3,a 
101.  C7.     1,4 

19.02 

18,9(> 
18,9! 

•.Virgin;, 

98.  .M.     4,0 

47,2*/ 

47,27 

]8,!!8 

w- 

lUma.,;. 

3 

38,  33.  12.0 

36,41i 

36,30 

33.  48.  53.7 

18,97 

i8,9'2 

£08 

•5l  Virgin;. 

5     199    52.  4t^ 

46,52 

46,57 

18,86 

18,75 

209 

mVirgini. 

5    K02    13.  +4,0 

46,92 

46,98 

97.  sa,  57,5 

18^2 

1 8,45 

210       -Ursa:    mij. | 

2    -iOl    31.     1,0 

35,85 

..,v| 

39.  28.  51,7 

18.21 

18,15 

(     468     ) 
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NumI^ 

1 

KfeaoRiffat 

An.  PifCts*  m 

Mem  I>iftance 

An.  PraoTL  m 

of 

Ntmei 

^ 

Right  AsooHioo, 

fromN.  Ptole, 

T^         «*          ^* 

6itn» 

of  the  Sttn. 

• 

9- 

JaiL  I,  176a 

Jam.  X,  1760. 

176a 

z8oo. 

1760.   j    ttoOk 

< 

* 

2 

D.      M.      S. 

8. 

8. 

D.    M.        S. 

8. 

s. 

211 

a  Draconis 

209.  28.  28,0 

24^29 

24,31 

24.  28.  18,2 

17^2 

17»3S 

212 

•  %  Virginis     v^ 

4 

210.     1.  50,0 

47,54 

47,60 

99.     8.  41,8 

173S 

17.» 
17,04 
1^95 

21 S 

Aretttrui 

1 

211.  10.  53,0 

42,07 

42,06 

69.  33.  27,1 

17.12 

214 

•  X  Vireinis 

4 

211.  32.  26,0 

48,20 

48,27 

102.  15.  12,3 

17^06 

'215 

OBooit 

4 

214.  15.  32,0 

30,99 

90,97 

37.     1.  48,3 

16.54 

1^1 

216 

•  11  Libre 

5 

219.     8.    4,0 

48,87 

48,95 

103.     8.     2,5 

15i54 

15i42 

.  217 

*  a  Libre 

2 

219.  24.  40,6 

49,35 

49,42 

105.     1.  44,7 

15,46 

15^35 

218 

•21  Libre 

5 

220.  66.  46,0 

48,34 

48,41 

100.  25.  30,5 

15.12 

14^ 

21$ 

«  18Libne 

5 

221.  29.  16,0 

48,30 

48,37 

100.     9.  47,5 

14^ 

14^ 

220 

$  Uiir  min. 

3 

222.  65.  17,0 

5,43 

^,78 

14.  51.  44,5 

14^1  14/>7| 

221 

•  1  >  Librae 

5 

223.  19:  19,0 

49,69 

49,76 

105.  18.  3%S 

14^56 

14^46 

222 

•  1  4  Librae 

3 

224.  S8.  61  ft 

50,73 

50,83 

108.  51.  58,7 

14^ 

u,ioi 

223 

/^Librae 

2 

226.     1.  57,5 

48,08 

48,14 

98.  28.  51,5 

ld|89 

15,761 

224 

*4M-ibnB 
•  y  librae 

4' 

229.  50.  59,8 

50,32 

50,40 

106.     1.  11^ 

12,90    12,751 

225 

ft,4 

230.  82.     1,7 

4^,77 

49,84 

103.  58.  14,2 

12,72 

12,57 

226 

aCoron.  Bor. 

2 

231.     8.     6.0 

37,80 

37,81 

62.  27.  48,0 

12,56 

12,4^ 

227 

•  42  Librae 

5 

231.  32.  12,0 

52,58 

52,68 

113.     1.     8,0 

12,45 

12,29 

228 

•xLibhe 

4 

232.     2.  34,0 

51,32 

51,41    108.  52.  50,6 

12,31 

12,15 

229 

a  Serpentis 
*  1  A  Scorpii 

2 

238.     7.     0,0 

43,91 

43,93     82.  48.  11,2 

12,01 

11,87 

230 

5 
4 

234.  48.  51,0 

53,41 

53,54 

114.  35.  22,5 

11,53 

11,36 

231 

*  y  Librae 

•  &  Libre 

234.  51.  40,0 

51,70 

51,78 

109.  25.  48,8 

11,52 

11,35 

232 

4 

235.     2    58,0 

50,63 

50,71 

106.     0.  18,1 

11,47 

11,30 

233. 

f  Serpentis 

3 

235.   11       3,0 

39,38 

39,40 

68.  17.     9,4 

11,43 

11,80 

234 

•  V  Scorpii 

3 

236.     5    47,0 

53,81 

53,91 

115.  23.  41,2 

11,16 

10,99 

235 

- 

•  4/  Libre 

4 
3 

236.   11     53,0 

49,94 

50,01 

103.  34.     0,4    11,13 

10,97 

236 

•  ^Scorpii 

236,  32.  44,0 

52,65 

52,73 

111.  55.     1,7 

11,03 

10,86 

237 

•  P  Scorpii 

2 

237.  52.  47,0 

51,81 

51,88 

109.     7.  39,1 

10,64 

10,47 

238 

•  1  •>  Scorpii 

5 

238.  12.     9,0 

52,13 

52,20 

109.  59.  53,2 

1Q45 

10,37 

239 

*  2  u  Scorpii 

5 

238.  20.  37,0 

52,20 

52,27 

110.  11.  57,8 

10,50 

10,33 

240 

»  Herc^lIS 

5 

4 

238.  50    11,0 

27,75 

27,77 

43.  17.  29,0 

10,36 

lOfiS 

21-1 

•  y  Scorpii 

239.  31.  18,0 

51,80 

51,88 

108.  48.  58,2 

10,15 

9,98 

242 

^  Ophipchi 
*  If)  Scorpii 

3 

240.  26.  54,0 

46,86 

46,90 

93.     3.  26,9 

9,87 

9,71 

243 

5 

241.  33.  35,0 

5,i,60 

53,69 

113.  34.     'J,5 

9,53 

9,34 

244 

*  cr  Scorpii 

4 

241.  39    40,0 

54,14 

54,21 

114.  59.   41,1 

9.50 

9,31 

21-5  1 

•  n].  Ophiuchi 

5 

2t2.  31.  27,0 

52,20     52,27 

• 

109.  27.    16,5      9,23 1     9,05 
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Numb, 

■f 

Mcaii   Right 

An.  Prccct  m 

M«n   Di«.n« 

An.  Pr. 

.... 

of 

=■ 

Right  AECcwion, 

fi™  N.  Pole, 

DtcUn 

ilion, 

Stan. 

of  the  Stan. 

1 

J»n.  t,  l76'o. 

J.n.  1.  ij6o. 

i;6o. 

.8co. 

1760, 

>!oa 

D.      M.        S. 

S. 

s. 

B.       M.     s. 

S. 

S. 
8,96 

246 

^i^ir" 

5 

aiS.  48.  34,0 

53,44 

53,51 

112.  52.  18,5 

9,15 

S47 

1 

243.  41.     0.9 

54,63 

.54,71 

il5.  52.  32,5 

8,87 

8,68 

248 

•  p  Ophiuehi 

4 

244.  21.  24,0 

51,12 

51,18 

106.     4.     2,5 

8,66 

8,*8 

249 

•  t>  Ojihiuchi 

5 

■244.  29.  14,0 

52f84 

52,90 

110.  35.  51,0 

8^2 

8,43 

250 

•  r  Seorpii 

4 

245.  ]4.  48,0 

.55,47 

55,55' 

117.  41.  41,9 

8,38 

8,18 

251 

•  24  Seorpii 

5 

246.  53.  47,0 

51,65 

51,71 

107.  15.   14,4 

7,84 

?,6S 

252 

P  Draconia 

4 

255.     5.  46,3 

18.51 

18,56 

35.  12.  23,0 

5.15 

5,08 

253 

■AOphiu.  dop. 

5 

255.     9.  24,0 

55,46 

55,51 

116.  !3.  22,5 

5,12 

*,92 

25* 

3 

2SS.  53.  45,0 

40.85 

40,85 

75.  19.     5,5 

4>87 

*,71 

255 

*  f  Ophiuehi 

4 

256.  39,  35,0 

53,40 

53,37 

no.  49.  49,6 

4,62 

f,41 

250 

•  5  Ophiuehi 

•  43  Ophiuehi 

3 

256.  49.  28,0 

54,90 

54,95 

114.  44.     1,9 

4,56 

4,34 

257 

5 

257.     4.  19,0 

56,25 

56,30 

117.  53.     1,5 

4,48 

4,26 

253 

•  fl  Ophiuehi 

4 

257.  56.     4,0 

54,61 

54,65 

lis.  S5.  44,3 

4,18 

3,97 

259 

•  e  Ophiuehi 

5 

259.  11.  56,0 

5438 

54,58 

113.  45.     7,5 

3,75 

3,S4 

260 

a  Ophiuehi 

2 

260.  57.     4,0 

41,45 

41,46 

77.  14.  4S,9 

3,14 

2,99 

261 

,1  Ophiuehi 

4 

261.  12.  13,0 

48,69 

48,71 

97.  57.     5,9 

3,06 

2,87 

262 

jS  Draconis 

3 

261.   15.  28,0 

20.16 

20,18 

37.  SO.  41,2 

3,04 

2,S6 

263 

*  »  Ophiuehi 

5 

262.  15.  59,0 

53,76 

53,78 

111.  32.  29,8 

2,69 

2,48 

261 

•  p  Sagiiiarii 

3 

263.     r.     5,0 

56.36 

S6.38 

117.  42.  45,1 

2,40 

2,18 

265 

-  b  Sagittaiii 

5 

266.  17.  18,0 

51,72 

54.79 

113.  40.     5,5 

1,30 

1,08 

266 

y  Sagiturii 

3,4 

267.  36.     0,0 

57,66 

57,67 

120.  23.  56,4 

0,84 

0,61 

267 

y  DracoDis 

2 

267.  45.  50,0 

20,76 

20,76 

38.  28.  23,6 

0,78 

0,70 

268 

'l^Sagitiarii 

4 

209.  51.  11,9 

53,65 

53,63 

111.     5    47,7 

0,05 

0,16 

269 

'  2  ^  Sapitarii 

4 

270.  13.  34,0 

53,52 

53,52 

no.  46.  28,4 

0,08 

0,29 

270 

•  *  Sagittarii 

3 

271.  24.  26,8 

57,43 

57,43 

119.  54.  11,5 

0,49 

0,-2 
0,95 

27i 

(  Sagitiarii 

2 

272.     3.  +4,0 

59,66 

59,65 

124.  28.  12,1 

0,72 

272 

•  X  Sagitiarii 

4 

273.  17.  32,0 

55,47 

55,47 

115.  31.  40,8 

1,15 

1,36 

273 

a  Lyra 

1 

277.  12.  11,0 

30,09 

30,06 

51.  25.  33,7 

2,51 

2,63 

274 

•9  Sagitiarii 

3 

277.  39.  4ftO 

56,13 

56,10 

117.  12.  39,3 

2,67 

2,88 

275 

•  28  Sagitiarii 

5 

277.  57.  59,0 

54,19 

54,16 

112.  37.     4,5 

2,77 

^98 

276 

cDraconis 

5 

279.  29.  44,0 

17,42 

17,40 

34.  41.  45,7 

3,30 

3,37 

277 

■  1  >  Sagitiarii 

4 

279.  55.     9,0 

54,S0 

54,08 

113.     0.  56,2 

S,33 

3,66 

278 

*<r  Sagitiarii 

3 

280.     5.  40,0 

55,78 

55,74 

116.  34.     7,3 

3,51 

3,72 

279 

•  2 .  Sogiitaiii 

4 

280.     8.  59,0 

54,27 

54,24 

112.  56   47,1 

3,53 

3,73 

280 

^LjTa. 

3 

280.  -18.  26,0 

33,09 

33,09 

56.  53.  47,8 

3,58 

3,71 

((  *?'.  ) 


D»»,BaAKLEW3  (EA;rAWlSiip.-piF  Bi!tgi:^,sj;Ait& 


Hi^mh 

"8- 

Mt«n 

BJiht 

Ati.  Prtccs,  in 

Mewi  Di.wnce 

All.  VlKU.  in    • 

ol 

Namci 

AiumiDii. 

Rilibc  Aaceniioo, 

from  N.  Pole, 

■DccliBatiau,      ' 

Stan 

of  tbc   Sian. 

§- 

J»D     I. 

1760. 

J«.  1,1 760. 

ir6o. 

1800. 

1760.  1    1800.  ' 

D.       »I.     |5.' 

8. 

s. 

S.              S. 

,3(B 

*if;CapricoLni 

5 

■m.  47- 

15.0 

51,52 

.'il.44 

lOS.  35.    19.0 

11, )3  '  11,29 

;ii7 

•  VCapriccwiii 

5 

■JOG.  35 

19,0 

51,45 

51,37 

108.  57.    SK,8 

ii,e.1  1  12,09 

,3l« 

«Ddi.hiDi 

3 

!07.     7 

27,0 

41,63 

+1,62 

74,  55.    13,4 

12.08     12,20i 

3iy 

a  Cygoi 

1 

L(08.  18 

51,3 

30,53 

30,54 

45.  33.    59.9 

12,41  '  12,50. 

S'JO 

.  />qiHU"'' 

4 

Wti,  40 

1,0 

48.78 

48,72 

100.  21.    28,  J 

12,50     12,65 

m 

Fi  AqUMii 

3 

309.     7 

39,0 

35,82 

35,82 

56.  55.      6,6 

12,63 

12,73 

3!J2 

4 

109.  55. 

21,8 

43,60 

48,54 

99.  52.      3,3 

12,84 

12,9H 

323 

'lOCapiicoroi 

4 

110.  18. 

10,0 

51,13 

51,0* 

108.  4S.    5S,C 

12,95 

13,09 

S-U 

•  11  Capricorni 

5 

J12.  40. 

43,0 

51,51 

51,42 

110.  47.    13,2 

13,66 

13,71 

S25 

*  fl  Capricorni 

4 

JI3.     6 

23,4 

50,72 

50,6* 

108.  10.    12,1 

13,74 

13,81 

S26 

M;eCapricorm 

5 

313.  41. 

40,0 

51,82 

51,72 

112.     8.   35,8 

13,83 

13,96 

327 

•  .  Aq.aLii 

5 

314.    7. 

30,0 

49,07 

49,00 

102.   19.    42,8 

13,93 

14,07 

328 

•  ?>  Cm)ficonii 

5 

HIS.  29. 

5,0 

51,49 

51,39 

Hi.  37.   59,2 

14,27 

14,41 

S^'9 

•29C;ipricorm 

S 

315.  36. 

34.0 

49,98 

49,90 

106.     9.    13,2 

14.30 

14,43 

330 

o  Equulci 

4 

315.  57. 

23.0 

44,89 

♦4,86 

85.  43.    52,8 

14,39 

14,50 

33] 

•  .  Canricoroi 

5 

317.  12. 

50,0 

50,30 

50,22 

107.  50.   30,7 

1+.69 

I4,B2 

332 

«  C.pl,« 

3 

SIS.  12. 

'Jfi,0 

21,29 

21,24 

2a  25.    26,7 

14,92 

14,97 

333 

capricorni 

4 

31 R.  J3. 

48.4 

51,71 

51,58' 

113.  26.      a4 

l+,93 

15,09 

33* 

*  ti  Capricorni 

5 

^la  45. 

3,0 

51,46 

51,38; 

112.  50.    16,9 

1 5,0.5 

1.5,18 

335 

Aqi-arii 

3 

319.  43.  37.8 

47,43 

47,37 

96.  36.   5()i8 

15,27 

15,38 

336 

•  i  Ciipricorni 

4  , 

320.54. 

7,7, 

«0,65 

50,55 

no.  31.    39..5 

15,53 

15,65 

337 

'  {  Aqmrii 

5,6 

;2L  H. 

24,0 

47,f^ 

47,83 

ya  55.    2,7 

15,61 

15,72 

3'J8 

i  Cji^ii 

4 

^21.  J  J, 

z 

33,fiO 

5S,68 

45.  27.    38,1 

15,61 

15,72 

339 

^CpV 

3 

131.  22. 

12,49 

12,29 

20.  29.    22,2 

15,63 

13.66 

340 

yCi^ifVai 

.♦: 

3«_.  41. 

26,0 

4-9,89 

49,81 ! 

107.  43.    58,S 

15,70 

15,82 

34-1 

'  H  ("apricorni 

5 

3'.i2.  la 

23,0 

50,37 

50,27 

109.  56.  +8,1 

15,84 

1,^,95 

M2 

;C;,p.-ic„™ 

5 

^23.  23. 

s7.o 

48,56 

48,49 

102.  27.    37,7 

16,07 

16,18 

31-3 

*  -1  Capricorni 
2r6ygr.i 

3 

23.  2S. 

28,3 

49,62 

4<l,53 

107.  12.    IS,9 

16,08 

16,18 

344 

5 

2*.  29. 

nio 

32,94 

33,13' 

+1.  47.    33,7 

16,29 

16,36 

3*5 

fi  Capricoroi 

5 

25.    2. 

44,4 

■48,93 

48,85 , 

IM.  4a     7,9 

16,40 

m5i 

346 

.  Aquarii 

5 

27.  43. 

23,5 

46,54 

46,50 

93.  18.    12,3 

16,92 

17.01 

347 

a   Aquarii 

3 

28.  21. 

46,:i 

'46.20 

4G,16 

91.  28.    32,8 

i7,04 

17,13 

ri4e 

.  Aq..r!i 

5 

28,  2i: 

47,5 

4^,74 

48,67 

105.     1.    22,8 

r7,<i4 

17,1  Si 

lV,e4 

•S.9 

S5  Aqjarii 

5 

!28.  56. 

5t\0 

49,62 

49,52 

109.  41.     0.4 

17,1^ 

3iO 

6  Aquarii 

4 

J31.  .  2. 

16,y    47,46 

47,38 

98.  58.     6,0  17,51' 

!t,60;  . 
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a*,  BRADLEY'S  CATALOGUE  OF  FIXED  STABS. 


NUBb. 

McuRvht 

Ad.  Prnmio 

Mun    Diitance 

An.  Pw«».  in 

a 

Nanui 

3. 

AKCoaoo, 

Right  AKtt»i,^t<, 

.  from  M.  I'ok, 

Stin. 

<tf  the  Swii 

■ 

Jin.  I,  , 

760. 

;)«.,  1, 1760. 

176a 

1800, 

I7fa. 

4^1 

D.      M.      S. 

>,      . 

3. 

0.    >,    5. 

S. 

_ 

35  J 

♦  f  Aquarii 

5 

331.   53. 

18.2 

4-7 .4'; 

47,3? 

yy.    1-    0)3 

87,65 

il7. 

3 

352 

yAquarii 

3 

332,   IB. 

47 .« 

46,33 

46,31 

.r.>.  35.  wri". 

17. 7  3 

J  7, 

iO 

353 

w  Aquaru 

333,    15 

)9.t 

+S.90 

45,87 

■89,  ♦9*"a«* 

•I7,S7 

174)5  1 

354. 

fAquwii 

33*,     6 

ja 

46.12 

46,08 

91.   14.   2i.J 

«8.bt 

,18. 

« 

335 

■  a- Aquarii 

33*.  U 

47.74 

47.53 

10li-5J.  52,4 

.1S,66 

"f' 

356 

7  Ut<XtttB 

335.  21.. 

45.0 

36;3I 

36,40 

40,-56.  41,6 

»9tl9 

1 8.25 

357 

V  Aquarii 

335.  a;. 

53J 

49.17. 

49,07 

ill,    15.  41,f> 

18.19 

18,27 

358 

.1  Aquiirii 

335.  +3. 

17.1 

46,12 

4(>.0() 

91.  20.  48,2 

18,25 

18,81 

959- 

*  X  Aquarii 

3^.  19.'46.A 

*6,7« 

46,66 

95.  37.  a9>4 

l»,3& 

■i«iS7 

360 

•  1  7  Aqimrii 

33S.  4:+. 

10,2 

47,91 

47  S4 

105.   18.  51,7 

18,65 

"f 

•  2  r  Aquarii 

339.  12. 

56,9 

47, Si 

47,74 

104,   51.      8,i 

Ifilfl 

18. 

I 

362 

"  r.  Aquarii 

34.0.     1 . 

15.9 

*6S9 

46,94 

98.  50,   59,8 

itHSJ 

18. 

1 

363 

.  Cf  pbei 

340.   17. 

54.0 

31,50 

3t,6l 

2S.   3,>  as,9 

'I8>84 

iS. 

8 

36* 

J  Aquarii 

3*0. .  28. 

■21JS 

-47.98 

*?,9i 

107.    ».  fifi^i 

I8;8ti 

*8,    1 

365 

Fonmlbaut 

341.     5. 

Sfi 

*9>U 

■*9fi7 

L30.  aU.    14U 

liA&i 

-18,  9 

366 

B  Piscium 

342.  55. 

2.0 

+5,67 

i5,6ti 

87.  28.      1,7 

19.13 

19.18 

367 

gPeg.si 

J+3.     2 

39.4 

42,98 

43.04 

63.  12.   52,0 

19.1+ 

19.19 

368 

•  1  h  Aquarii 

343.     i). 

29,0 

46,84 

46,80 

9S.  59.      1.8 

19.15 

19-20 

369 

*2b  Aquarii 

3*3.   12 

,1,5 

46.85 

46,  0 

90.     ■>.   50,1 

19,16 

19,21 

370 

-P.-fi„,i 

3*3.   12 

+*,4y 

■l+,52 

76.     4.   54.0 

19.16 

19,^1 

371 

*  3  h  AijiiKtii 

.■I*;i.  211 

.10,1 

Mi.sG 

46,81 

99.  13.   25.7 

"9.17 

19,22 

3?^ 

•  f  Aiiaiini 

US.  ■.'«. 

l.'..9 

*6,5(i 

46,54 

97.  20.    17.3 

19.37 

19.41 

373 

•  IJ.  Aqiia.ii 

n\.  49. 

32,( 

46,83 

46,78 

100.  23.   a6,6 

i9.*o 

19.  t* 

37 -t 

•  X  Aiimin. 

,IK).      .'.. 

.'.9.4 

■US,6ij 

46.65 

99.     1.   50,3 

I9.*J 

19,*7 

375 

•  ■2  4'  Aquuiii 

346.  21. 

15,7 

46,80 

46,75 

100.  '19.    18,5 

19.*5 

19.49 

376 

*  34.  Aquarii 

3*6.  36, 

55,3 

46,82 

46,77 

100.  55.     6,3 

19-*7 

i9,Sl 

377 

"  96  Aquarii 

3*6.  44, 

13.0 

46,45 

46,41 

96.  25.    55,7 

19,48 

19,3-:; 

37fi 

(1  Cassiopi^ia; 

148.  3*. 

10,0 

38,77 

38,99 

29.     1.   52.2 

19,62 

19,lS4 

379 

•  1  X  I'lEcium 

348.  39, 

34,0 

*5,93 

15,92 

90.     5.    17,9 

19,62 

19.65 

380 

IX  Andromeda 

"5 

J51,  28, 

l6.( 

42.94 

43,06 

44.  50.   23,3 

19.74 

19,76 

381 

•  \  I'iscium 

352,   27. 

I0.( 

ii.'Jl 

45.90 

8,9,  32.    21,0 

19,8* 

19,96 

383 

*  ly  Pisciuin 

5 

3.^3.   35. 

9.f 

45.8  !■ 

45,8  + 

87.  50.   36,b 

19,89 

l9-9a 

OSl 

■^7  i'JBtium 

5 

356.  3,^. 

4.'),l 

46,03 

46.01 

iy,98 

I9-9S 

.3Si. 

•jLEiAtium 

i 

J56.  45. 

4>0 

-k»,SS 

45„S3 

»4.  27.    53.0 

H*,99 

19-99 

385 

^  -29  PLsuuni 

5 

J57.  2;:, 

56,U 

46,01) 

*5,9S 

Jl*.   21.   48,5 

iy.99 

20,00 
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De.  BRADLEY'S  CATALOGUE  OF  FIXED  STARS. 


Numb. 

of 
Start. 


386 

387 
388 

389 


Names 
of  the  StMts, 


D 

s. 


*  30  Piscium 

*  33  Piscium 
aAndromedae 
fi  Cassiopeise 


5 
5 
2 
3 


Mean  Right 

AacenaioD, 

Jan.  I,  i;^ 


o. 


S. 


357.  24;  47,0 

358.  15.  47,0 
359-     0.  25,0 

359.  7.  40,0 


An.  Preces.  in 
Right  Aactosion, 


1760. 


8. 


46,04 
46,00 
45,74 
45,45 


1800. 


s. 


46,02 
45,98 
45,84 
45,72 


Mean  Distancei 
from  N.  Pole, 
Jan.  1,  1760. 


D.      M.      8. 


97.  20.  50,7 
97-  3.  0,5 
62.  14.  5,9 
32.   10.  25,0 


An.  Preces.  in 
Declination. 


1760. 


s. 


19,99 
20,00 
20,01 
20,01 


x8oo. 


s. 


20,00 
20,00 
20,01 
20,01 


The  stare  marked  with  Asterisks,  are  tliose  which  may  be  eclipsed  by  the  moon  to 

any  part  of  the  globe. 


Those  stare  whose  AR  is  between  90"  and  270°  with  N.  Dec.  and  more  than  270® 
and  less  than  90^  with  S.  Dec.  have  llieir  annual  variation  of  declination  subtract 
tive;  and  those  stare  whose  AR  is  more  than  270^  and  less  than  90^  with  N.  Dec. 
and  between  90**  and  270^  with  S.  Dec.  have  their  annual  variation  of  declination 
additive, '  This'  i«  to  be  underetbod  of  a  time  after  Jan.  1 .  176O ;  before  that  time, 
the  variation  is  to  be  applied  with  a  contrary  sign. 


VOL.   II. 


SP 


(  ^  ) 

This  cHaSi^am  ^^iV^  *#c«ij4oTO«f^>M»!ite«fl?if  #*M«?^#f  ^  fSV^ 
Stan,  deduced  fiom  the  observations  of  Dr.  JBbaolet,  is  taken  from  &e  fint 

corrections ;  for  the  most  important  of  wU«t)K-^^(JH|itilW9W4<^fi^)(llB^^ 
reasons. 

ioitrnudfi  sHt  anly;fqqn  ni  Urttjirnfii--^  <Ka  •yX&\nm  A     .w\A>n3.  71  .81 

■  •■'y\  'jriiJsHJ/ijqsq  980oI«m<iTl,^i*.'iMijt  trhiiB  ; «'j'ja£)eilj  rlj!'i:\  l)»v<»><i<)  arit 

f.  iCM.    The  right  a8eeriwo'ttadMyjfeojMrtaiim9iAtlla».uis»liwaiMhafc 

&i4ty.    The  fiirmer  was  dtdaceck  ftom  the  i^parevt  right  ascensions  ftund  in 

;/Mtl»}yiliqCW^ed«<jarf»rhp!r|io<»MLwtliiifttdfe  tl»  «eu 

|)o)My4iiaiiHiad4br>Jia]idii7  i^  tlffil8vitq&wm-4«iiiflfi(4  ftiWLto.difB^*liaa<tttht 
^B6ln«XM^t£llifr Mtar^uOMapiMilsBBsbi^  r'lJiadddGf  bn£  ^r  ^lauaal 

wPf'WSftitl  to  noiu /TjJ-Jo  fjili  biiii  O.'r.  .'?,(  ."I  lo  f)i!o}gni  o;**  .*J,I  ."t  saihs.-; 

-^  1*  to  noilBvi:>r»fi(> 
S3.  1  i  CeA.    The  catalogue  here,  at  first  sight,  was  erroneous.    The  polar 

distances  were  computed , twice  from  thejKime  observations., viz*  J>eGismfaer,& 
anq  26,  of  1753,  and  January  3,  and  24,  of  the  rouowinff  jear^  but  mote 
truly  m  the  second  instance,  if  we  except  a  mistake  of  3  d^^rees  committed  by 
Ae,coqpputer,  in  ^ting  dy^rij  tl^e,  reduc^  Mfjf^  dis^  th^  fig^. 

It  npay  be  observed  the  V^9^9^^^m^^mm^ 

'  ^6.  2  I  Ceti.  A  fault  was  cm^^M\:n^^ 
to  thi8'&tar,l>y  writing  9',9'lnst^d'y^^  ^^»'''  .-m^ffrT. 

97.  ^btfj  ,iii^  bbiehrations  ofjMib^^     nH^  ikHdmi^ l^,  H'i^, 
lis^m^t^^  of  AldeKar^A  sti^^lr^    Ofibfai^y'id'k^ 

BiLjii)LEY^  ^^ve  die  same  right  ascension  ^iiadtly,  the  extrelne'^ol)liemnt^ 
diflisnng  dnlv  4 ,6.  '• 

4i:'t'imi^:'  The  right  ascension  of  thl^' kt^i^fiis  correctbd'bylittee  oliaer. 
vations iti'tis^i  ^  *  ■'■    "^^-'^  '■•'■'*  -'  ■-■'"■•  v^co  Jv? •''*  .- 


(     475     ) 

■^ '4S.TPli*-*il:'"nk  pfi)SBi^m'iip^6d  waa  one  rf&ttte  lob  Htfife:'' 


■,.l 


'  ■  Wf  Tdiitri.  The  right  lUc^sioU  of'thia  star  was  coprecteA'by  Ae  observa- 
tiM»  AT  Fdiniaiy  1S«  1753»  of  .^nuary  11,  and  Decemb^  11,  17M,  «^d  c^ 
Jattti*fyB2,o<'tft*!foHa*ibgyeiir.'    '    "     -  ■•,        -  ;  .    -, 

58.  17  Eridam.  A  mistake  was  committed  in  ap^dying  the  aberratioa  t« 
the  observed  zenith  distances ;  and  it  appears^  from  a  loose  paper^  that  the  right 
ascension  had  been  dMemnaed'to  bis  49^'<4r.  48';  il:'         i 

;      ■;■■■■;  ':ljii  Jjiyij,((()j.      u;  ■   .<....  -ii.    r,..\v..    ..:  ■ 

•x79.  S  t  J^mri.  QThe'iasa^osiobat  difiiirenae  of  this  and-  this  'preoedltog  etat, 
at  gtrsn^iby  Mr.  ZMia;'^oiibHii.'inost'be  &ulty.  •  By  'Ao- obsemtwils  4»f 
January  7,  and  December  26^1754,  of  Janmnyas*  1755,of  February  8,  1756, 
and  of  January  39,  1757,  the  mean  of  the  ascensional  diffitrences  is  5",37  of 
tiaw:±>fV'MrvSdf,lf  tfU'«b9WVBti(Mii«f  tTittlitti7  99,  9755,  be  c<«rrected  by 
reading  l".  Ifi'.  4,',0  instead  of  1*.  15'.  5",0  and  the  observation  of  January  29, 
1757,  be  diminished  by  l".  By  my  own  observations  in  1779  ,  the  ascensional 
diflerence  was  2r,49'of  thnesl'.'dl^-^^j  By  comparitig  tfeese  ttfo  sbts  with 
Aldebaran  on  October  15, 1759;  ijnd  on  January  I,  and  s,  175'$,  And^itj^hhiin^ 
the  place  of  Aldebaran  as  used  by  Dr.  BbAdlby  bimsdf  (see'^d  Mierisional 
differences),  I  find  the  right  ascension  of  the  former  =  63°.  43'.  18',7  and  of  the 
Ialttw''69*.  4?4'.  47',3  ort  January  1, 17"60,  knd  by  my  own  tJbservations  63".  43'. 
se'ieto  69*.'*t4'l  i*9!^5.  16  rtu*t  be  oBserVW;  fliat  tbtf  obsefvatidn  of  October 
15,  1753,  appears  to  be  faulty,  an  error  of  1"  having  been  comitiitted '  in  the 
observation  of  2  & 

(rastobeaiminTp6'iS"by'y'.S',*.-  ^""   ■'''    '-"^""'^  ^'^"   ■' '" ' 

\i. '  "'Xn'  e j/Mdabdri  of  M '  s^e^  otJ^ei^tioH 
,  ^kHiw^t  tK^t'me  *ngB['(  asiieniioiis  VeVe-verj'  rteafi; 

^■'  tfAj'^'nJ^^MW^'^'^i^^iS'ft^'^'"  "^'^^  ^-^  pwceding 
.  diffirenc^  of,  ,^  ^,<^p,  w  jF^AM^^^  was  obr 

December  29,  1 752  [  and  the  preceding  star  is,  perhaps,  the 


.84.  >  T^iurj.  1  found^iT*;^  seVeqft  CofflparisOra,  tbit  t^e  pgst  asce  of  this 

st^  was  t 

104.  Ix^****^-  '■^''i'e^^^'*f^^^  of  tHy's^e^  otJseiWtioHs  pF  Bjis  and 
the  fdlbwfiig  s^^  'SKiw^^  tK^t'me  ^ngfc'f  asiieniioiis  VeVe-verj'  iieafly  detfirriuned, 
if  that  of  February  1^,1 
I  Orionis,  with  1 
served  as  such  December 

polar 
.  polar 

-.-,,..        ■    ■,-,     I     1-    .^      !■      -  "  mstead's 

4  x>  the  right  ascension  of  wfiich  has  hot  been  calculated.  ^  Tpie  ordev  in 
which  the  zenith  distances  were  observed  (see  the  observations  of  January  18, 
1754^  whfflie.  t^p  hoqk^ji^^iiii.^ppii^,^^J^&(^y,  co^pA^,ff^wji^^sf9fi^^^^ 
obvious  error  committed  in  the  case  of  tiiisvery  star,  and  abo  o^^fl^ai^-J^) 
7 


(     4'J«    ') 

fore  for  2  X  ^"'^  diouW  rea4  3.x.QnQiMi^.,,  .|,.,i  .1,     ,  .1 .    '  cm.,    j.i  /Iuo  basn 
,  IrMil^oift'di^iright'Mpeiuion^ibf rd'  x^  atad*  jdioithe  ipblEtdftttittitchaoCaDSitd 

4 X,  reduced  to  January 'lyr]*7^IOL>     •  •''!  U^-^U.  jau.  ,■'-■>■'.>;  ^iJ  )i:  IjoWfrr 


■;  •  I J 


»;  #CIM^M»«iNt.  '•  1tisviilg^eoffipaMNl'thliiist>r-«fi{h  sevetatjttneipdliMan 
idUMnrediMktthef  alinei^ji  '^MtuHSlaf^  thdif'.jflkdi'as'dtfteriiiHMid  itHT  nadi^Mk^ 
£r. SBaAun'itfafiiiMlfy'I  Hod  itvrigllt  tteeinhNi  to  b«<'t' '  > ->'l^  »^^"t  '^^  ''*' 

From  the  observations  of    1751        -        l  i(f  .  IC  SS\9 

>,-jjii.'ii    Mi».i  jn'    I.I.'-. I'.   ...     Miitit    '    i'jjf4        ■•-  '■'''l<5:"'lTK^lft),-"tf''   •***''■ 

■  '*•  •   lilts    "-     •i<b.-Hfe.-'ii«4"'^'"- 

1756         •         lia  16.  95,  I 

'  T:!^.  ''i.'^.'rf   »'/■   -/i::     1'      -  III"' 

""Air'^tfo*''&e»tef6rd'6f  l^^'dStti'rtltlfea.^  '    '      ^/^««^^^*«^  •    '■^'- 

155.  10  Leonis.  The  right  ascension  and  polar  distance  ot  this  star,  as 
given  in  the  catalogue  published  in  1773,  were  deduced  each  from  one  obser- 
vation  only :  and  from  the  situation  of  the  star,  I  conjectured  that  the  right 
ascension  belonged  to  10  Leonis  minoris,  and  would,  perhaps,  have  been  exact, 
if  the  proper  corrections  peculiar  to  that  star,  for  precession,  aberration,  and 
nutation,  had  been  applied.  The  observations  of  the  19th  and  28th  of  March, 
and  of  the  12th  of  April,  1754,  prove  10  Leonis  to  be  the  same  with  the  first 
of  the  Sextant  of  Hevelius,  and  tlie  same  conclusion  may  be  drawn  from  the 
British  catalogue.  The  zenith  distances  both  of  10  Leonis  minoris,  and  10 
Leonis,  were  observed  on  the  12th  of  April ;  we  are  enabled  therefore  to  de- 
termine the  place  of  each  star. 

168.  37  Sextantis.  In  computing  the  polar  distance,  an  error  of  I'was 
committed. 

194.  n  Vtrginis.  The  polar  distance  of  this  star  is  evidently  too  great,  and 
the  observations  of  March  9,  and  May  4,  1 754,  enable  us  to  make  the  cor- 
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section  j  for  on  thbisi- day^  the!  stdte  n  and  if  Virginiswere  tJotfe*obs6fVifed ;  and 
their  situation  is  so  neatff  the'daini6;'tfi!at  the  differenc^^  of  tfiTe  si^th  distances 
need  only  be  applied  to  the  calculated  p<rfal:  distance  of  if;  * '    '     '  ^ 

'208.  2 1  Firgwiw.   -Thedrroi^of  1^  in  the  right  asi^ension  was* ](»:obabIy  com- 
mitted at  the  press,  and  also  of  the  letter  of  r^ferdnce. 


r     ..  :.    v.-^ 


223.  4  iLibrcB.  ;  Byvcomputing  the  ob^rvations  of- June  7,  and  <i 9,  1755, 
and  of  May  16,  1756,»^Japjdiedthjecorredtionv 


<■•  *■  -« 


253.  /4  Dracanis*  <l13ie  right  ascension  of  thia  :dtar  waft.iiaquestionably 
faulty.  The  observations .  of .  Ju)y.  60^r  1755,  and  pf.Madrch  ly  1758,  enaUe 
us  to  make  the  correctionM?   I  sufipeQt  4tfaati  jiie  •  right  ascension  first  found  was 

255°.  5'.  49". 

333.  i.Cqpricomu,  In  reducing  .tbcr  right  ascension  of  this  star  from  1755  to 
1 760,  the  fprece^sion  used  was  10"-  ^oo  small :  it  should  have  been  printed 
therefore  311°.  13'.  52",0,  or  more-exactly  5l",8. 

360.  1  T  Aquariu  The  observations  of  September  28,  and  October  3, 
1753,  do  not  justify  the  application  of  any  correction  to  the  polar  4istance  of 
this  or  the  following  star. 

388.  a  Andromedce.  In  reducing  8eyei>,j9)t)seryations  of  1753^therefrac!tion 
for  33''.  44'  was  applied  instead  of  23°.  44'  j  a  correction  therefore  for  the  polar 
distance  was  necessary.  .       .  3 

'      ■     ■!     i,  .•     ■    •  ■  ■^■■•MPi     .11     »  i   '  -i  ■  >'  '  •  ■       : 
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3.  35.  15 

23.  24.  53, IN 

+  12,25 

100 

5*.     2.     4,0 

52,59 

3.  36.     8 

21.  30.  49,5N 

+  12,17 

101 

54.     3.  22,7 

53,72 

3.  36.  13 

2*.  51.     5,4N 

+  12,17 

102 

6 

55.  45.     9,1 

52,81 

3.  43.     1 

21.  47.  50,3N 

+  11,68 

103 

X 

4 

56.  55.  18,0 

49,71 

3.  47.  41 

11.  48.  39,8N 

+  11.34 

104 

7 

57.  35.     8,1 

53,52 

3.  50.  21 

23.  24.  16,4N 

+  11,15 
+  11.12 

105 

1 

A 

5 

57.  42.  29,3    52,85 

3.  50.  50 

21.  25.     9,7N 

(  *»1  ) 
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7 

Right 

Anniul 

Right 

Numb. 

Stmts 

S 

Atceniion 

V«»t. 

AiceOBoo 

Dcdlnition. 

Annuj' 

of 

oliht 

■' 

1. 

in  Deircei. 

+ 

in  Time. 

Vuijtion. 

Surt. 

Conndlstions. 

1 

' 

D.     M.     ■. 

«. 

O.     M.      S. 

s. 

106 

2 

A 

57.  5L  42,4 

52,82 

3.  61.  27 

21.  21.  I8,9N 

+  11,07 

107 

+ 

5, 

58.     7.  47,3 

54,93 

9.  52.  31 

28.  W.  44,7N 

+  11,00 

Ids 

/            1 

.  6 

58.  52.  32,4 

52,11 

3.  55.  30 

18.  58,  10,2N 

+  10,77 

109 

p 

6 

59.     8.  26,8 

54,5S 

3.  56.  84 

25.  50.  49,*N 

+  10,69 

110 

',..^-'     - 

59.  44.  14,2; 

53,11 

3.  58.  57 

21.  47.  20,5N 

+  10,51 

HI 

, 

60.  36.  42,3 

50,85 

4.     2.  27 

14.  47.  43,8N 

+  10,26 

IIS 

4 

60.  41.  57,4 

48,74 

*.    2.   48 

8.  17.  20,3N 

+  10,24 

113 

2 

6 

60.  52.  49,2 

52,58 

4.     3,   31 

la  58,  50,6N 

+  10,19 

114 

7 

61.     7.  34,1 

52,87 

4.     4.  30 

2a  59.     6,5N 

+  10.11 

lU 

5 

61.  28.  55,3 

54,88 

4.     5.  56 

26.  46,     3,  IN 

+    9,99 

116 

3 

61.  36.  37,0 

50,92 

4.     6-  26 

15.     2.  36,2N 

+    9,95 

in 

Tauri 

5 

62.     4.  37,0 

54,42 

4.     8.-  18 

25.     3.     9,0N 

+    9,81 

IIS 

1 

4 

62.  21.     7,2 

51,63 

4.     9.  24 

10.  58.  25,1N 

-r    9,73 

119 

7 

62.  27.  44,7 

54,02 

4.     9.  51 

23.  43.  59,4N 

+    9,70 

120 

2 

4 

62.  38.  36,9 

51,57 

4.  10.  34 

16.  52,  53,4N 

+    9,64 

121 

1 

5 

62.  50.  55,2 

53,33 

*.  11.  2* 

21.  44.     5,5N 

+    9,68 

122 

2 

5 

62.  51.  *2,7 

5S,S3 

4.  11.  27 

21.  37.  28,7N 

+    9.fi8 

123 

3 

6, 

62.  5&.  46.4 

51,79 

4.  11..  55 

17.  22.  20,2N 

+    9,54 

124 

1 

5 

63.     4.     7,1 

53.50 

4.  12.  16 

22.  15.  31,8N 

+    9^51 

125 

■7, 

63.   li>,  *8>5 

,*1,01 

4.  12.  59 

15:     4.  10,7N 

+    9,46 

126 

2 

6 

63.  18.  57,7 

53,53 

4    13.  16 

22.   16.  41,3N 

+    9,44 

127 

3.* 

63.  43.  42,8 

52,38 

4.  14.  55 

18.  38.  27,5N 

+    9^ 

128 

1 

5 

63.  47.  32,4 

51,17 

4.  J  5.  10 

15.  25.  2I^N 

+    9,28 

129 

? 

5 

63.  50.     2.0 

51,14 

4.  15.  20 

15.  19.  54,2N 

+    9.27 

130 

,  7 

64.  U.  30,2 

51,07 

4.  16.  46 

15.     7.   i7,2N 

+    9,16  , 

131 

,  7 

64,  18.  57,6 

51,07 

4.  17.  16 

15.     9.  40,4N 

+    9,52 

132 

,  7 

61..  36.  56,9 

51,16 

4.  18.  28 

1,5.  19.  45,2N 

+    9,03  ! 

133 

'  5 

65.     7.  59,2 

50,83 

4-  20.  32 

14.  19.  55,7N 

+    8,88 

13* 

1 

65.  36.  53,7 

51,45 

4.  22.  28 

16.     1.     9,4N 

+    8.71  . 

135 

5 

65.  41.  28,6 

49,32 

4.  22.  46 

9.  39.  43,SN 

+    8,69  , 

ISfi 

Eridani 

4 

66.     8.  56.1 

44,97 

4.  24.  36 

5.  50.  4I,0S, 

-   8,551 

137 

Tauri            1 

6 

66.  26.  19,1 

51,14 

4.  25.  45 

I5j  20.     7.0N 

+    8*49; 

138 

2 

6 

66.  27.  «3,6 

61,17 

4.  25.  51 

15J  26.     3,6N 

+    8,49  ! 

139 

5 

67.     2.  28,2 

53,85 

4.  28.  10 

22J  29.     3,1  N 

+  8,26 : 

140 

67.  15.  22,0 

53,90 

4.  29,     1 

23.  98.  19,7N 

+    8,19  1 

(     *S3     ) 
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? 

RiRlU 

Annual 

Right 

Anoud 

Viti,iioo. 

Numb. 

N»m« 

3 

s 

AKinson 

Variat. 

Asctmion 

DttUnotion. 

of 

of  the 

.' 

■5 

in  Degreti. 

+ 

in  Time. 

Stan. 

'' 

^ 

D.      M.      S. 

s. 

D.       M.       S. 

«, 

176 

OrioDJB       S 

X 

5 

87.  29.  24,4 

53,54 

5.  49.  58 

2a     7.  23,2N 

+  1.35 

177 

Ononis 

4.5 

88.  32-  18,3 

51,48 

5.  54.      9 

14.  4<>.  37,3N 

+  0,99 

178 

6 

89.  31.  16,0 

53,44 

5.  58.     5 

19.  49.  25, IN 

+  0,64 

179 

f 

6 

89.  37.  32,4 

52,02 

5.  58.  SO 

16.     9.  55,8N 

+  0,61 

180 

Gemifionim 

" 

4,5 

90.  10.  1.5,3 

54,52 

6.     0.  41 

22.  33.  14,2N 

+  0,41 

181 

Orionis       2 

f 

6 

90.  28.     0,3 

52,03 

6.     1.  52 

16.  11.  45,f-N 

+  0,30 

182 

Geminorom 

1^ 

3 

92.  10.  57,4 

54,51 

6.     8.  44 

22.  36.  47,0N 

—  0,W 

183 

92.  48.  41,2 

54,87 

6.  11.  15 

23.  26.     4,9N 

—  0,51 

m 

92.  48.  51,9 

54,91 

6.   11.   16 

23.  32.  51, IN 

-0,51 

185 

' 

4 

93.  44.  57,7 

53,62 

6.  15.     0 

20.  20.  27,7N 

—  0,85 

186 

7,8 

9t.  38.  52,0 

52,68 

6.  18.  35 

17.  5a.  53, IN 

—  1.14 

187 

y 

2,3 

96.     1.  52,1 

52.02 

6.  24.     7 

16.  34.  49,1N 

—  1,63 

188 

S 

97.  10.  42,3 

52,59 

6,  28.  43 

17.  51.  18,9N 

-2,04 

189 

, 

3 

97.  21.  59,5 

55,60 

6.  29.  28 

25.  20.  24,7N 

—  %\Q 

190 

A. 

6 

99.  21.  41,9 

54,20 

6.  37.  27 

22.     1.     2^N 

-2,80 

191 

6 

101.  13.  58,4 

55,83 

6.  44.  56 

26.  12.  39.9N 

—  3,45 

192 

1 

„ 

6 

102.     i.     2,9 

55,14 

6.  48.     4 

24.  31.  39,2N 

-3,71 

193 

; 

3,4 

102.  32.  19,0 

53,67 

e.  50.    9 

2a  53.  +1,8N 

—  3,89 

194 

2 

6,7 

102.  47.     2,0 

53,47 

6.  51.     8 

22.  58.  12,0N 

-3,97 

195 

■' 

5 

104.     2.     9,5 

57,74 

6.  56.    y 

Sa  36.  23,5N 

-4,40 

196 

m 

6 

104.  32.    0,9 

55,05 

6.  58.     8 

24.  29.  57,4N 

—  4,57 

197 

Geminorum  1 

\ 

5,6 

104.  57.  53,1 

51,97 

6.  59.  52 

16.  32.  26,1N 

—  4,66 

198 

6,7 

105.     4.  28,7 

55,55 

7.     0.  18 

25.  17.  12,9N 

—  4,76 

199 

o 

X 

5 

106.     8.  31,3 

51,09 

7.     4.  31 

16.  56.  50,9N 

-5.12. 

900 

J 

3 

106.  SO.  54,7 

54,12 

7.     6.     4 

22.  23.  42,5N 

-S,^S 

201 

y 

6,7 

107.     0.  52,3 

53,52 

7.     8.     3 

20.  52.     0,9N]  —5,42 
25.  2S.  4S6N1  —5,51 

28.     4.     8,2N!  —5,57 

S02 

5,6 

107.  16.  47,1 

.55,33 

7.     9.     4 

203 

I 

6    1107.  28.  32.7 

56,38 

7.     9.  54 

20+ 

2 

4,5  107.  46.  24.7 

56,45 

7.  II.     6 

28.  15.  31,8N;  —5,68 
20.  42.  ri4,2N!  —  5,84 

SOS 

6    1108.  IS.     7,3 

53,41 

7.  13.     4. 

206 

6 

108.  26.  17,4 

53,86 

7.  13.  45 

21.  54.  i5,9Nl  —5,90 

207 

1 

6 

108.  39.  56,3 

56,56' 

7.  14.  40 

28.  34.  52,SN  -5,98 

208 

6 

108.  47-  26,2 

56,45 

7.  15.  10 

28.  22.  40,9N  —6,02 

209 

i 

109.  53.  33,5    58,05 

7.  19;  94 

32.  22.  54,4N  —6^9 

210 

6 

lia     2.  35,1     51,73 

7.  90.  10 

16.  18.  50,6N  —6,43 

(     *M     ) 
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? 

1 

Rijh. 

Annutl 

Rlgh 

AllDO.1 

Nmk 

Nm«. 

s_ 

Aicfnuoa 

Vuiai. 

Aicenuoo 

Dccliiuun. 

Viriaioa. 

a 

of  the 

^ 

g 

in 

Degtni. 

+ 

in  Tmt. 

San. 

^ 

^ 

__ 

B. 

M.      B. 

s. 

D.      U.      S. 

E. 

811 

^ 

5 

110. 

21.     7,0 

55,94 

7.  21. 

24 

27.  23.  48,8K 

~~  6,54 

81S 

f 

6 

m. 

28.  24,5 

52,33 

7.  25. 

54 

la  1 1.  29,8N 

—  6^1' 

SJ3 

J, 

5 

112. 

8.  42,8 

52,39 

7.  28. 

35 

IS.  25.  4^0N 

-  7.12 

2I« 

6 

112 

26.  13,1 

55,37 

7.  29. 

45 

26.  19.  24,4N 

-  7,22 

ftl5 

« 

4^ 

112 

34.  SI  ,6 

54,80 

7.  30. 

18 

24.  56.  28,2N 

—  7,26 

216 

;a 

2 

112. 

43.  41,9 

56.26 

7.  30, 

55 

28.  34.  27,6N 

—  7,31 

217 

g 

6 

113. 

7.  21,1 

52,57 

7.  32. 

29 

19.     3.  51, 8N 

-  7.43 

218 

6 

US. 

37.  13,1 

54,28 

7.  34. 

29 

23.  42.  I5,0N 

-  7^9 

219 

9 

5 

114. 

46.     5,3 

55,61 

7.  S9. 

4 

27.  21.     4.2N 

-  738 

220 

1 

6 

115. 

28.  51,6 

51,90 

7.  41. 

55 

2a  29.  14,0N 

—  8,2! 

221 

115. 

54.  30.4 

51,51 

7.  *3. 

~^ 

la  24.     9,5N 

—  8,35 

222 

Oncri        1 

^ 

6 

116. 

40.     9,0 

54,93 

7.  46. 

41 

26.     a  57,5N 

-  8^9 

£23 

2 

6 

116. 

52-  44,5 

54,80 

7.  47. 

31 

25.  42:  55.7N 

-  8^5 

224 

Geminorum 

V 

5 

117. 

15.  34,6 

55,86 

7.  49. 

2 

28.  26.     2,SN 

—  8.78 

225 

Cancri 

K 

5 

US. 

28.  34,6 

52,41 

7.  53. 

54 

22.  U.  47,6N 

-  9,15 

226 

2 

4- 

4 

119. 

3.  51,2 

54^84 

7.  .56. 

15 

36.  13.     6,5N 

—  9,32 

227 

3 

i- 

5 

119. 

37.  58,0 

56.36 

7.  58. 

32 

30.  20.  27,2N 

—  9,50 

828 

i 

5,6 

119. 

4a  36.7 

51.96 

7.  58. 

42 

18.  2a  27,0N 

-  9,51 

229 

$ 

3,4 

120. 

56.  24,4 

49,21 

8.     3. 

46 

9.  53.  35,2N 

—  9,91 

230 

X 

6 

121. 

26.     5,8 

55.30 

8.     5. 

44 

27.  57.  32,8N 

~10J06 

£31 

^ 

6 

121. 

37.  50.3 

54,04 

8.     6. 

31 

24,  44^  48.5N 

—10,11 

2S2 

9 

6 

123. 

7.  55.0 

55,03 

8.   12. 

32 

27.  41.    6,7N 

—10,56 

233 

2 

6 

123. 

39.  26,9 

53,96 

8.  14. 

38 

|24,  54.  23,ON 

-10,68 

234 

3 

y 

6,7 

124. 

23.  37,2 

55,86 

8.  17. 

34 

24.  51.  23,5N 

—10.94 

235 

e 

5.6 

124. 

32.  28,1 

51,85 

8,  18. 

10 

18,  52.  23,2N 

-10^87 

236 

4 

J, 

6,8 

124. 

46.     6,9 

5.3,86 

8.  19. 

4 

!24.  52.     7.2N 

—11,06 

237 

Cancri 

6 

126. 

28.  16,2 

52,34 

8.  25. 

53 

20.  50.  17.9N 

—11,55 

93fi 

* 

127. 

25.     4,8 

52,72 

8.  29. 

40 

22.   17.  56,1N 

-11,84 

139 

J 

4    1127. 

49.  34,3 

51,75 

8.  31. 

18 

'19.     0.  19,2N 

—11,94 

W* 

7     129. 

28.  37,1 

50,70 

8.  37. 

54 

'16.  12.  34,8N 

— 12,4<) 

^^ 

Hydr« 

f 

4     ISO. 

43.  29,0 

47,79 

8.  42. 

54 

6.  49.  40.7N 

—12.74 

Cuicri 

6     131. 

J.  46,0 

50,61 

8.  44. 

7 

.16.   12.  37,5N 

—12,81 

.  « 

4     131. 

24.  11,0 

49,61 

8.  45. 

ii2.  45.  18,6N 

—12,91 

;' 

6     132. 

14.  19,3 
27.  29,2 

53,22 

8.   48. 
8.  53. 

57 

25.  21.  44,9N 
sa  34.  56,9N 

—13,13 
—13,45 

^^V 

\L 

6,7  [139. 

54,81 

— 
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Numb. 

of 
Stars. 

Naroes 

of  the 

Constellations. 

H 
•»* 

( 

V 

K 
f 

h 

0 
t 

V 
V 

y 

ft  • 

A 

a 

X 

y 
y 

• 

c 

k 
1 

f 

1 

1 

• 

5,6 

7 

4 
5 

4 

6 
5 

4 
6 
3 

4,5 
4 

5 
3 
5 

1 

6 
4 

6 
6 
3 

6 
4 
6 

5 

6 
6 

4 
5,6 

Right 
Ascension 
in  Degrees. 

Ammal 

Variat. 

Right 
Ascension 
in  Time. 

Declination. 

-   Annul 
Variation. 

D.     M.     S. 

S« 

U.     M.   S. 

D.     M.     8. 

8. 

246 

2*7 
248 

249 
250 

LyDcis 
Cuncri 

133.   35.     7,6 
133.   56.     6,0 
135-     7.  58,1 

135.  33.  22,8 

136.  42.     5,4 

56,24 
52,32 
56^3 
50,20 
50,86 

8.  54.  21 

8.  55.  44 

9.  0.  32 
9.     2.    13 
9.     6.  48 

34.  49.  20,6N 
22.  59.     2,4N 

35.  35.  15,6N 
15.  54.  10,8N 
18.  41.  22,1N 

— 13,4« 
—13,56 
—13,88 
—13,98 
—14,27 

251 
252 
253 
254 
255 

Leonis 

137.  43.  43,3 

138.  58.   14,0 

139.  48.  50,2 
139.   50.     7,3 
141.    11.  48,1 

53,13 
48,54 
49,03 
48,66 
^7y93 

9.   10.  55 
9.   15.  53 
9.   19.   15 
9.  19-  20 
9.  24.  47 

27.  10.  51,3N 
10.     4.     6,9N 
12.  20.  52,0N 
10.  44.  27,7  N 
7.  52.  47,2N 

—14,27 
—14,84 
—15,03 
—15,04 
—15,33 

256 

257 
258 

259 
260 

142.     8.  52,0 

142.  43.  35,0 

143.  7.     0,2 
146.  23.  22,0 
146.  56.  41,2 

48,60 
49,48 

51,59 
48,88 

47,97 

9.  28.  36 
9.  30.  54 
9.  32.  28 
9.  45.  33 
9.  47.  47 

10.  57.     6,3N 
15.     5.     4,2N 
24.  50.  39,2  N 
13.  33.  22,4N 
9.     9.  48,3N 

—15,55 
— 15,«7 
—15,76 
—16,44 
—16,^ 

261 
262 
263 
264 
265 

Hydrs        2 
Leonis 

Regulus 
Sextantis 

148.  25.  25,3 
148.  37.   15,1 
148.  51.   13,5 

148.  57.  31,6 

149.  37.   12,() 

43,98 
49,57 
48,23 
48,6l 
4-4,91 

9.  53.  42 
9.  54.  29 
9.  55.  25 
9.  55.  50 
9.  58.  29 

11.  55.  59,9s. 
17.  54.     5,4N 
11.     8.  28,9N 
13.     6.  34,9N 
7.   16.     4,8S. 

-h  l6,84 
—16,88 

—16,93 
—16,95 

+  17,06 

266 
267 
268 
269 
270 

Sextantis 
Hydrae 
Sextantis 
Leonis       1 
2 

149.  51.  34,0 
149.  55.  51,6 
151.  29.   31,4 
151.  43.  38,3 
151.  44.  30,9 

44,91 
44,21 
45,05 
49,78 
49,84 

9.  59.  26 

9.  59.  43 

10.     5.  58 

10.     6.  55 

10.     6.  58 

7.   16.     9,1S. 

11.   12.     7,08. 

6.   54.  18,3S. 

20.  39.  19,2N 

21.  1.  26,2N 

+  17,11 
+17,li2 
+  17,40 

—17,49 
—17,49 

271 
272 
273 
274 
275 

Sextantis 
Leonis 

Hydras 

153.  29.  58,5 

154.  54.  25,0 

155.  6.   13,9 

155.  40.   13,8 

156.  47.   14,3 

45,28 
48,53 

47,77 
47,84 
43,97 

10.  14.     0 
10.  19.  38 
10.  20.  25 
10.  22.  41 

10.  27.    9 

5.  52.  56,28. 
15.  20.  13,4N 
10.  30.  41, ON 

9.  51.  28,9N 
15.  39.  53,68. 

+  17,74 
—  \7.95 
—18,00 

—18,09 
+  18,26 

276 

277 
278 

279 
280 

Leonis 

Hydrse 

Leonis 

158.  29.  19,5 

159.  13.   18,3 
159.  30.  43,8 

159.  37.  51,5 

160.  54.   15,1 

48,26 
47.61 
44,31 
45.26 
46,43 

10.  33.  57 
10.  36.  53 
10.  38.     3 
10.  38.  31 
10.  43.  37 

15.  25.  49,7N 
11.  47.     7,8N 
14.  58.     S,5b. 

7.  39.  35,0S. 

1.  59.    7,7}i 

—18,49 

—18,59 
+  18,62 
+  18,64 
—18,80 

M.  DE  LA  CAIUJE'«  CATAU)GIIE  OF  ZOWACAL  STABS. 


p 

Ri|lK 

Aimod 

Rljhi 

MMk 

Nunn 

^ 

AlCOHOI 

V«ut 

Atcmioa 

AubibI 

of 

of  tbt 

:- 

% 

iaDipeei. 

+ 

m  "ntDc 

r«i.iioo. 

Stm. 

? 

• 

».    M.    a. 

.. 

n.    u.  «. 

n.    M.  ■. 

.. 

S81 

1 

c 

6,7 

160.  57.  13,0 

47,06 

10.  43.  49 

7.  26.     5,5N 

-18.81 

SBS 

d 

5,6 

162.    6.  16.4 

46,72 

10.  48.  25 

4.  52.  50,4N 

—  18^5 

2B8 

a 

5 

162.     8.   19.4 

47,00 

10.  48.  33 

7.  21.  36,8N 

—18^5 

28* 

163.  48.  36,1 

46,00 

10.  51.  14 

I.    14.  34,2s 

+  i$.m 

285 

e 

6 

162.  53.  38,1 

46,32 

10.  51.  35 

I.  15.  39,0N 

—19,03 

386 

JC 

■t,5 

163.    13.   16,5 

47,08 

10.  52.  53 

8.  36.  lf,6N 

~\9fi7 

387 

6 

163.   43.  46.6 

46,51 

10.  54.  55 

3.  13.  30,2N 

— 19.W 

308 

5,6 

165.  26.     «,( 

46,31 

It.     I.  44 

I.  12.  ]6,9N 

—19^ 

489 

« 

3 

165.  28.  15,1 

47,71 

IT.     1.  53 

16.  42.  39,9  S 

—19^ 

990 

0 

6 

165.  59.  17,tl 

47,46 

11.     3.  33 

14.  35.     7,0N 

—19^ 

291 

~6~ 

166.  17.  54.9 

46,47 

11.     5,  12 

3.  18.     2.2N 

—19,38 

99a 

Cratiris 

4 

166.  54.    7,6 

45,12 

H.    7.  37 

13.  30.  29,5S. 

+  19,« 

aja 

Leonia 

4,5 

167.   13.  13,1 

46.77 

11.     9.     1 

7.  19.  57, 6N 

—19,46 

294 

5,6 

167.  59.  37,8 

46,38 

n.  11.  58 

2.  4J.  46,9N 

—19,52 

295 

Cratens 

4 

168.  11.  93,8 

45,50 

11.  12.  46 

9.  34.  26,4S. 

+ 19,5* 

296 

Uonil 

4 

168.  58.     3,5 

46,47 

11.  15.  52 

*.     8.  57,6N 

-19^ 

997 

170.  35.     1,7 

46,45 

11.  22.  20 

4-21.  53,ON 

— 19JI 

29s 

Crateris 

4 

171.  11.  4':,1 

45,73 

11.  24.  47 

8.  30,  1 4,0s 

+ 19»75 

299 

Vireinii 

6 

171.  35.    4.;) 

46,71 

11.  26.  2U 

9.  25.  58,7N 

-19.77 

300 

I 

5 

173.   17.  30.d  46,60 

11.  33.   10 

9.  34.  48,3N 

-19.86 1 

301 

5 

173.  26.  54.0 

46,52 

U.  3J.  47 

7.  49.  46,0N 

—19,87 

302 

2 

6 

173.  57.  53,3 

46,56 

11.  35.  50 

9.  32.  58,9N 

-19JIO 

303 

3 

171.  36.  37.8 

46,30 

11.  38.  27 

3.     5.  26,1N 

-19,93 

304 

6 

175.  44.  50,0 

46,48 

U.  42.  59 

9.  45.     3,8N 

-19,97 

305 

5.6 

176.  58.  47.0 

46,29 

11.  47.  55 

4.  57.  58,6N 

— 20,01 

306' 

5 

!77.   12.    30.8 

46,34 

11.  49.  14 

7.  54.  35,6N 

—20,01 

307 

5 

178.  18.    35,4 

46,37 

U.  53.  14 

10.     2.  23 .7N 

—20,04 

308 

6 

179.  3*.    50,S 

46.22 

1 1.  57.  39 

3.  13.  13.6N 

—20,05 

309 

Virginis 

6 

179.  31.    12,2 

46,24 

II.  58.     5 

-.     6.  56,7  N 

--20,05. 

310 

6 

181.  .39.    33,9 

46,18 

12.     6.  3S 

0.  31.  19,8N 

—20.06 . 

311 

3,1 

181.  58.    22,1 

46,18 

...     7.« 

0.  38.  3.'!,3N 

—20,06- 

31« 

3,4 

182.    6.    ro.6 

46,15 

12.     8.  25 

4.  37.  35,ON 

— 20A)6; 

313 

Corvi 

0 

184.  59.    57,6 

46,68 

12.  20.     0 

15.  12.  11,48 

+20,02 

3li 

Virginis 

? 

6 

135.  25.      3,8 

46.47 

12.  21.  40 

8.    3.    7.S& 

+  20,01 

315 

6 

186.  10.   39.6 

46,37 

12.  24.  43 

4.  32.     1.6S 

+20,00. 

(  m  ) 
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1 

? 

Right 

Annua 

[         Right 

1 

Numb. 

Names 

H 

H 

!■ 

1 

Afcensions 

Variat 

Ascension 

Declination. 

Annual 

of 

of  the    . 

••• 

1. 

in  Degiecs. 

+ 

in  Time. 

Variation* 

Stars. 

Constellations. 

1 

a: 

c 

9- 

5 

H.      M.      8. 

ft. 

H.    M.    3. 

D.       M.     S. 

S. 

316 

186.  47.    10,^ 

;  46,47 

12.  27.     9 

6.  42.     3  J  ^ 

i    +19,98 

317 

V'irgiuis 

y 

S 

187.   26.   39,0 

1    46,24  1 12.  29-  47 

0.     9.   18,9  ^ 

>    +19,95 

318 

6 

J  90.  17.  39,1 

46,33 

12.  41.   11 

2.  16.  18,6  fc 

;  +19,81 

319 

>!- 

3 

190.  32.  26,3 

46,72 

12.  42.   10 

8.  15.  33,4  s 

►    +19,80 

320 

K 

3 
6' 

190.  56.  47,7 

45,89 

12.  43.  47 

4.  40.  52,ON 

—19,78 

321 

1 

191.  53.  34,0 

46,37 

12.  47.  34 

2.  32.  28,2  S 

+19 J  2 

322 

2  1    K 

6 

192.     7.  30,0 

46,35 

12.  48.  30 

2.     5.  58,1  S 

+i9,7l 

323 

d; 

5 

193.  54.  20,4 

46,98 

12.   55.  37 

9.  29.  38,3  S 

+  19,58 

324 

6 

3.4 

194.  27.     7,3 

46,58 

12.  57.  49 

4.  16.  37,4  S 

+  JS>,54 

325 

197.     0.   18,1 

47,14 

13.     8.     1 

9.     4.     4,0  S 

+  19.32 

326 

«      1,2 

198.   12.  43,4 

47,29 

13.  12.  51 

9.  55.  36,5  S 

+  19,20 

327 

i        4 

198.  35.     7,8 

47,49 

13.   14.  21 

11.  28.  33,3  S 

+  19,16 

328 

1 

6 

\99'  56.  3S,6 

46,80 

13.  19.  47 

5.     0.  39,8  S 

+  19.12 

329 

6 

200.     5.  10,4|  47,92 

13.  20.  21 

14.     8.  43,2  S 

+  19,01 

330 

Dl 

a 

6 

200.  41.     5,2 

46,08 

13.  22.  44 

4 

0.  36.  46, 5  N 

—18,93 

331 

202.   19.  40,5 

47,19  J3.  29.   19 

7.  30.  39,7  S 

+  I«,f3 

332 

202.   57.  47,5 

48,31 

13.  31.  51 

14.  59.     8,2  S 

+  18,66 

333 

5,6 

204.   17.   10,1 

48,7? 

13.  37.     9 

16.  58.   13  J  S 

+  18,48. 

334. 

P       6-  1 

205.  39.  5 J, 2 

46,35 

13.  42.  39 

0.  20.     7,8  S 

+  18,30 

335 

6 

208.  28.   16,3   47,50 

13.  53.  53 

7.  45.  33,1  S 

+  17,85 

336 

209.    0.  47,1 

47,58 

13.  58.     3 

8.   10.  52,8  S 

+  17,77 

337 

K 

4 

210.     5.  50,9 

47,83 

14.     0.   24 

9.  10.     2,1  S 

-h  17,59 

338  . 

1 

^ 

210.  32.   12,6 

47,05 

14.     2.     9 

4.  50.  43,2  S 

+  17,51 

339 

2 

A 

4 

210.  55.  51,3 

47,06 

14.     3.  43  ' 

4.  52.     9,4  S 

+  17,44 

340 

X 

4 
4    ' 

211.  36.  28,0 

48,48 

14.    6.  26 

12.   16.  40,3  S 

+ 17,33 

341 

214.     1.  48,3 

46,43 

14.  16.    7 

1.     9.  38,9  S 

+  16,89 

342 

216.     7.  56,6 

48,35 

14.  24.  32 

11.   17.  31,9  S 

+  16,48 

343 

/* 

4     ■ 

217.  40.  35,9 

47,21   i 

14.  30.  42 

4.  37,  27,9  S 

+  l6,i6 

344 

218.  31.     5,5 

4^,55  ] 

14.  34.     4 

15.     0.     8,2  S 

+  16,00 

345 

Librae 

/* 

5  •- 

6  ^ 

219.     7.     9,0 

49,15  ] 

14.  36.     9 

13.     9.  29,5  S 

+  15,87 

346 

1  ■ 

» 

219.  25.  59,2 

49,62  i 

14.  37.  44  : 

i4.  59>  17,7  S 

+  15,79 

347 

2 

« 

2,3  ^ 

219.  28.  47,1 

49,63  ] 

14.  37.  55 

15.     3.     1,2  s 

+  15,78 

348 

1 

1 

6    . 

220.  24.  56,7 

48,73  ] 

14.  41.  40  . 

:o.  55.  37,0  s 

+  15.58r 

34.9 

2 

{ 

6    1 

221.     0.  52,4 

48,54  J 

L4.  44.     3  j 

:o.  28.  41,7  S 

+  15,45 

350                          3 

' 

7 

221.  22.  53,7 

48,58  ] 

14.  45.  32  j 

10.  11.  42,0  S 

+  15,37 

(     489     ) 
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1 

1 

1 
• 

1 

Numb. 

Names 

> 

N 

1 

Right 
Ascension 

Annual 
Viikt. 

Right 
Ascension 

Declination. 

Annual    j 

of 

ofclie 

«• 

1 

in  Degrees. 

+ 

in  Time. 

- 

Variation. 

Stfrs. 

OwMttPhitftmt. 

?• 

0.       M.     S. 

S. 

M.     M.      S. 

D.       M.      S. 

S. 

3S6 

3erpeatis 

6 

252.     1-  58,7 

52^8 

16.  48.     8 

iS.   31.    0,3S 

+  6M 

387 

Scorfiionis 

6 

253.     2.  46,7 

53,65 

16.  52.   11 

21.   12.49,33. 

+  6,30 

388 

Serpentia 

« 

2,3 

254.   13.  49,0 

51,52 

16.  56.  55 

15.   24.49,2s. 

+  5,90 

389 

e 

4 

Z56,  44.     3i; 

53,63 

17.     6.  56 

|20.   50.    9,9^ 

+  5,06 

390 

9 

3 

256'.  54.     1,4 

55,20 

17.     7.  36 

|24.  44.27,0s. 

+  5,06 

+4,74 

391 

Sagittani 

257.  39.  57,2 

5382 

17.   10.  40 

21.   11.47,4s. 

39« 

Serpeotis 

6 

262.    9.  42,5 

54.,12 

17.  28.  39 

21.  44.53,03. 

+  3,21 

393 

d 

6 

26'2.  20.  33,6 

54,04 

17.  29.  22 

21.  32.  38,0^. 

+  3,05 

394 

Sagittarii 

7 

26'6.  56,  12,8 

52,36 

17.  47.  45 

17.     7. 35,3S. 

H  1,89 

395 

1 

y 
r 

4 

267.  30.  18,6 

57y57 

17.  50.      1 

:9'  33.  56,6S. 

+  1,70 

396' 

2 

3,4 

267.  40.  51,4 

57,97 

17.  50.  43 

30.  24.    3,9s. 

+    1,64 

397 

Sagittarii    1 

f* 

4 

269.  55.  46,4 

54,02 

17.  59^  43 

21.     5. 55,4s. 

+  0,51 

398 

2 

f* 

6 

270.   18.     5,1 

53,80 

18.      1.    J2 

20.  46.  24,5S. 

+  0,35 

399 

^ 

3 

271.  29.      1,4 

57,73 

18.     5.  56 

29.  54.    9,0s. 

+  0,  0 

400 

i 

X 

6 

272.  50.  26,4 

53,76 

18.   11.  22 

20.  38.53,53. 

—  0,49 

401 

3 

273.  22.     7,7 

55,75 

18.   13.  29 

25.  31.38,4S. 

—  0,70 

402 

Aquils 

ni 

4 

275.  36.  25,2 

49,15    18.  22.  26 

8.  23.  15,6S. 

—  1,42 

403 

Sagittani 

275.  57.  33,2 

54,08 

i8.  23.  50 

21.  34.    8,8S. 

-1^2 

404 

276.  13.  13,6 

53,95 

18.  S4.  53 

21.   13.  18,3S.    —1,71  1 

405 

<P 

7 

277.  35.  45,6 

54,47 

18.  30.  23 

22.  36.39,7s. 

—  2,19 

406' 

3,4 

277.  44.  39,0 

56,41 

18.  30.  59] 
18.  35.  43 

27.   i2.30,4S. 

—  2i24 

407" 

(5 

278.  55.  51,() 

53,63 

20.  34.    4,0s. 

—2,71 

408 

1 

f 

5 

279.  59.  38,5 

54,58 

18.  39.  59 

23.     0. 23,5S. 

—3,02 

409 

0"      . 

2,3 

280.   10.   19,8 

56,06 

18.  40.  41 

26.  33.  56,5S. 

—  3,08 

410. 

2 

5 
5 

280.  13.  34,1 

54,55 

18.  40.  54 

22.  56.  19,6S. 

—3,10 

411 

1 

280.  50.  36,2 

53,74 

18.  43.  22 

20.  56.  3 1,5S. 

—  3,31 

412 

2 

{ 

6 

280.  55.  37,3 

53,92 

18.  43.  42 
18.  47.  39 

21.  23.28,83. 

—  3,34 

413 

f 

3 

281.  54.  39,5 

57fi3 

30.   11.31,9s. 

—  3,65 

414 

0 

4 

282.  39.  53,2 

54,12 

18.  50.  40 

22.     3. 52,38. 

-^3,82 

415 

T 

X 

4 

283.     4.  47,7 

56,60 

18.  52.  19 

27.  59^  24,36. 

—  4,07 

4ia 

Aquilae 

3 

283.  26.  43,7 

47,97 

18.  53.  47 

5.   12.  59»8S. 

—  4.19 

417 

Sagittarii 

«• 

3 

283.  56.  43,4 

53,81 

18.  55.  47 

21.  22.  33,lS. 

—  4,38 

418 

d 

6 

285.  58..  14,1 

52,97 

19.     3.  53 

19.  20.53,68. 

—  4,73 

419 

1 

e 

5 

287.     0.  32,5 

52,52 

19.     8.     2 

18.    16.    3,0S. 

—  5,42 

420 

2 

? 

6 

387.     1.  59.3 

52,70   ^ 

19*     8.     8 

18.  43.  19,6s. 

—5,43 
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AUH 


Numb, 
of 

Names 
of  the 

> 

M 

1 

Right 

Ascension 

in  Degrees. 

Animsl 
Variat. 

1 

Right 

Ascension 

in  Time. 

Declination. 

Annual 
Variation. 

Stars. 

'  Constellations. 

1 

y 

• 

3 

+ 

p.    M.    S. 

s. 

H.     M.     S. 

D.     M.      S. 

8. 

4^ 

Capricorni 

321.  45.  30,9 

50,17 

21.  27.    2 

17.  42.  44,98. 

—15,47 

4^57 

1 

d 

6 

322.  U.  15^ 

49,52 

21.  28.  45 

15.     5.     2,5  S. 

—15,56 

458 

X 

5 

322.  22.  36,3 

50,63 

21.  29.  30 

49.  55,  32,88. 

—15,60 

459 

d 

6 

322.  33.  20,0 

49,58 

21.  30.  13 

|15.  27.  51,7  8. 

—15,64 

460 

C 

6 
6 

322.  47.  «2,8 

49,64 

21.  31.     9 

15.  49.     1,4  8. 

—15,68 

461 

323.     6.  ^,0 

48,38 

21.  32.  28 

10.    9.    5,18. 

—15,76 

462 

T 

5 

323.  27.  58,5 

48,85 

21.  33.  52 

12.  26.  19,8  8. 

— 15i83 

463 

• 

I 

3 

323.  30.  39,7 

49,91 

21.  34.     3 

17.  10.  52,6  8. 

T-A*84 

464 

f* 

5 

325.     6.  57,1 

49,21 

21.  40.  28 

14.  38.  47,0  8. 

—16,18 

465 

Aqoarii 

0 

5 
3 

327.  47.  23,0 

46,81 

21.  51.  10 

3.  16.  42,2  8. 

•^16,71 

• 
1 

466 

328.  25.  38,6 

46,47 

21.  53.  43 

1.  27.     6,2  8. 

—16,85 

467 

i 

4    328.  25.  50,1 

49,00 

21.  53.  43 

15.    0.     0,0  8. 

—16,85 

468 

e 

6 

329.  30.  39,4 

48,19 

21.  58.     3 

12.  42.  42,0  8 

—17,04 

469 

9 

4 

331.     6.  20,9 

47,74 

22.     4.  25 

8.  56.  34,3  8. 

~il7,34 

470 

e 
y 

5,6 
3 

331.  57.  19,7 

47,70 

22.    7.  49 

8.  59.  33,8  8. 

■-17,48 

471 

332.  22.  44,6 

46,62 

22.     9.  31 

2.  33.  47,5  8. 

—17,55 

472 

K 

4 

334.  10.  59,1. 

46,39 

22.  16.  44 

1.  12.  48,9  8. 

—17,84 

473 

<r 

5 

334.  32.  58,6 

47,01 

22.  18.  12 

11.  52.  24,5  8. 

—17,89 

474 

u 

5 

335.  27.    6,2 

49,54 

22.  21.  48 

21.  54.  26,2  8. 

—18,06 

475 

X 

4 
5 

335.  49.  14,7 

46,39 

22.  23.  17 

1.  19.  13,0  8. 

—18,11 

476 

336.  23.  42,2 

46,97 

22.  25.  35 

5.  26.    4,8  8. 

—18,20 
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Aqvarii       2 

T 

5 

338.  48.  15,5 

48,20 

22.  35.  13 

15.  18.     9,18. 

—18,48 

478 

T 

5,6 

339.  16.  58,4 

48,08 

22.  37.     8 

14.  49.  39,6  8. 

—18,59 

479 

X 

4 

340.     5.     8,2 

47,27 

22.  40.  20 

8.  49.  23,7  8. 

—18,70 

480 

3 
5 

340.  32.  J  9,3 

48,26 

22.  42.     9 

17.     3.  51,7  8. 

—18,75 

481 

Piscium 

342.  58.  53,0 

45,94 

22.  51.  56 

2.  33.  37  3  N 

+  19,05 

482 

Aquarii 

h 

6 

343.  13.  33,0 

47,13 

22.  52.  54 

8.  57.  36;0  8. 

—19,07 

483 

7 

343.  38.  37,7 

47,11 

22.  54.  35 

8.  57.  26,0  8. 

—19,12 

484 

6 

343.  44.  39,5 

47,11 

22.  "54.  59 

8   57.  25,4  8. 

—19,13 

485 

Piscium 

A 

6 

4,5 

345.     9.  45,2 

46,10 

22.  56,  39 

0.  51.  12,7  N 

+  19,17 

486 

Aquarii 

^ 

345.  32.  12,9 

46,84 

23.     2.     9 

7.*  18.  38,5  8. 

—19,30 

487 

1 

vP 

5 

345.  53.  31,4 

47,09 

23.     3.  34 

10.  21.  52,9  8. 

19,34 

488 

X 

5 

346.     9.  57,0 

46,98 

23.     4.  40 

9.     0.  13,3  8. 

—19,36 

489 

Piscium 

y 

4 

346.  14.  49,3    46,03 

23.     4.  59 

2.     0.     6,9  N 

+  19,37 

490 

Aquarii       2 

>]' 

5 

346.  25.  12,1     47,01 

23.     5.  41 

10.  27.  41,98. 

—19,39 
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.         -• 
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, 

'  \u 

2 

D.      AT.      0.  , 

1    "  * 

8. 

D.      M.      8. 

& 
+  20,04 
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*r  Pegasi 

0.     5.  53^ 

d     0.  24 

.  3,08 

13.  47.  36,3N 

2 
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3 
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a  12.  12 

i  ;2,72 

78.  39.  50,3S. 

—20,01 

3 
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2 
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0.  1.3.  52 

3,01 

43.  39.  43,4S. 

—20,00 

4 
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3 
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3,16 

29.  29.  18,3N 

+  20,01 
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a,  Cassiopeix 

1    ^ 
2 

6.  37.    4,8 

0.  26.  28  . 

3,30 

55.    9.  37,9N 

+  20,00 

6 

/SCeti 

7.  45.  28,6 

0.  31.     2 

3,01 

19.  21.  51,1S. 

— 19,8S 

7 
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3 

10.  27.  14,2 

0.  41.  49 

8,49 

59.  21.  19,2N 

+ 1?,70 
+  19,69 

8 
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2 

10.  40.  56,0 

0.  42.  42 

10,05 

87.  58.     2,4N 

9 
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3 

13.  43.  21,7 

Q.  .54.  53 

2,73 

+8.    4.  42,18. 

—  19,46 

10 

/9Androroedx 

2 
4 

13.  57.     3,6 

0.  55.  48 

3,29 

34.  17.  15,7N  -hl9i43j 

11 

n  Ceti 

14.     0.  16,1 

0.  56.     1 

.8,00 

11.  30.  48,8S. 

— 19,4* 

12 

i  Cassiopeie 

3 

17.  25.  14,5 

1.     9.  41 

3,71 

58.  55.  27, IN 

+  19^ 

13 

eCed 

4 

17.  53.    9,1 

1.  11.  33 

3,01 

9.  28.  49,5S 

—  194)7 

14 

y  Phoenicis 

3 

19.  22.  10,7 

1.  17.  29 

2,67 

44.  36.  18,8S. 

— 18/» 

15 

a  Eridani 

1 

22.    5.  42,2 

1.  28.  23 

2,26 

58,  30.  52,18. 

—  18^ 

16 

f  Cassiopeia 

3 

24.  10.  22,9 

1.  36.  42 

4.13 

62.  25.  20,6N 

+ 18,27 

17 

«  Triang.  bor. 
y  Arietis 

4 

24.  43.  28,0 

1.  38.  54 

3.49 

28.  20.  59,3N 

+  18,19 

18 

4 

24.  57.  46,3 

1.  39.  51 

3,27 

18.     3.  34,0N 

+  18,16 

19 

0  Arietis 

3 

25,  IS.    4,7 

1.  40.  52 

S,28 

19.  3k  34,1N 

+  18,12 

20 

y  Andromedae 

2 
3 

27.     9.  56^ 

1.  48.  40 

3,61 

41.    7.    0,5N 

+ 17,82 

21 

a  Piscium 

27.  17.    7,0 

1.  49.     8 

3,09 

1.  32.  50,2N 

+  17,80 

22 

a  Hydri 

3 

27.  43.  22,5 

1.  5a  53 

1.87 

62.  47.  36,3S 

—  17,73 

23 

'a  Arietis 

3 

28.  17.    5,0 

1.  53.    8 

3,34 

22.  16.     9,6N 

+ 17,63 

24    . 

fi  Triang.  bor. 

4 

28.  41.  15,6 

1.  54.  45 

3,48 

33.  47.  28,2N 

+  17,56 

25 

y  Triang.  aus. 

4 
4 

30.  38.     (^7 

2.     2.  32 

3,52 

32.  40.  37,7N 

+  17,22 

26 

0  Ceri 

31.  40.  53,8 

2.     6.  44 

3,03 

4.    7.  28,0S 

—  17,05 

27 

^Ceti 

3 

3a  40.  35,4 

2.  26,  42 

3,08 

a  45.  50,2S. 

—16,07 

28 

iCeti 

3 

36.  52.  22,9 

2.  27.  30 

2,90 

12.  56,  51,98. 

16,03 

29 

y  Ceti 

3 

37.  35.  34,0 

2.  30.  22 

3,12 

2.  10.  10,5N 

+ 15,87 

30 

Lilii  bor. 

4 
4 

38.  16.    0,0 

2.  33.     4 

3,53 

28.  11.  26,3N 

+ 15,73 

31 

Lilii  aus. 

38.  49.  39,5 

2.  35.  19 

3,50 

26.  12.  44,4N 

+ 15,61 

32 

y  Persei 

3 

41.  42.  55  fi 

2.  46.  52 

4,24 

52  30.  13,8N 

+  14,96 

33 

0  liridani 

3 

42.  11.  52,7 

2.  48.  48 

2,30 

41.  19.    4,0S. 

— 14,85 

34 

a  Ceti 

2 

42.  18.  33,6 

2.  49.  14 

3,13 

3.    5.  32,6N 

+ 14,81 

35 

0  Medusae 

2 

43.    0.     4,6 

2.  52.    0 

3,84 

39.  58,  17,9N 

+  14,64 
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? 

Ascension 

Asctnsion 

Variat. 
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Annual. 

of 

and  Placet 

3 

in  Degrees. 

in  Time. 

Variation. 

Stars. 

of  the  Stars. 

e 

cu 

n 

• 

1 

+ 

m 

D.    M.     S. 

H.     M.    8. 

S. 

D.      M.     S. 

8. 

71 

a  Orionis 

85.  24.  46,2 

5.  41.  39 

3,25 

7.  20.  10,6N 

+  1,60 

72 

fi  Columbx 

3 

85.  32.  30,4 

5.  42.  10 

2,11 

35.  52.  40,3S. 

—  1JS5 

73 

9  Aurigae 

3 

85.  40.     8,5 

5.  42.  41 

4/)8 

37.     9.  51,6N 

+  1,51 

74 

n  Castoris 

4 

89.  56.  36,3 

5   59.  48 

3,63 

22.  33.  15,5N 

+  Ofi2 

75 

fA  PoUucis 

4 
3 

91.  58.  25,0 

6.     7.  54 

3,63 

22.  30.  59,2N 

—  0,07 

76 

^  Canis  niaj. 

92.  40.  58,9 

6.  10.  44 

2,31 

29.  58.  11,8S. 

+  0,9* 

77 

P  Canis  maj. 

3 

92.  55   25,3 

a  11.  i/2 

2,63 

17.  51.  11,48. 

+  1,02 

78 

Canopus 

1 

94,  36.    7,6 

6.  18.  25 

13 

52.  .34.     8,98. 

+  1,60 

79 

y  Pollucis 

3 

95.  48.  54,7 

6.  23.  16 

3,48 

16.  35.  16,9N 

—  2,02 

80 

f  Castoris 

3 

97.    8.    9,0 

6.  28.  33 

3,71 

25.  21.     9,4N 

—  2.49 

81 

y  Navis 

3 

97.  31.  44,4 

6.  30.    7 

1,84 

42.  59.  25,23. 

+  2,62 

82 

Sinus 

1 

98.  32,     0,3 

6.  34.     8 

2,69 

16.  23.  36,68. 

+  2,97 

83 

f  Canis  maj. 

3 

102.  12.     7,2 

6.  48.  48 

2,36 

28.  38.  59,6S. 

+  ♦,28 

84* 

t  Pollucis 
6  Canis  maj. 

3 

102.  18.  49,4 

6.  49.  15 

3,58 

20.  54.  45,1  N 

—  4,27 

85 

2 
3 

104.  33.  26,8 

6.  58.  14 

2,45 

26.    0.  56,18. 

+  5,03 

86 

^  Pollucis 

106.  17.  26,4 

7.    5.  10 

3,61 

22.  25.     8,5N 

5,61 

87 

T  Navis 

3 

107.     4.  44,0 

7.    8.  19 

2,13 

36.  39.  44,48. 

+  5,88 

88 

P  Caois  min. 

3 

108.  23.  46,5 

7.  13.  35 

3,27 

8.  46.  20,2N 

6,32 

89 

n  Canis  maj. 

2 

108.  33.    3,6 

7.  14.  12 

2.39 

28.  49.  59,78. 

+  6,87 

90 

a  Castoris 

2 
3 

109.  39.    2,7 

7.  18.  36 

3,87 

32.  24.  3WN 

—  6,73 

01 

(T  Navis 

110.  19.  40,5 

7.  21.  19 

1,94 

42.  48.  25,68. 

+  696 

92 

Procyon 

1 

111.  32.  59,4 

7.  26.  12 

3,21 

5.  50.  43,5N 

—  7,37 

93    ) 

^  PoUucis 

2 

112.  29.  45,6 

7.  29.  59 

3,75 

28.  36.  22,5N 

—  7.66 

94 

f  Navis 

2 

118.  42.     4,5 

7.  54.  48 

2,12 

39.  18.  39,53. 

+  9,62 

95 

y  Navis 

2 

4 

120.  27.  48,0 

8.     1.  51 

1,85 

46.  36.  34,98. 

+  10,16 

96 

jS  Cancri 

120,  44.     4,3 

8.     2.  56 

3,15 

9.  56.     7,0N 

—10,23 

97 

f  Navis 

8 

124.  20.  10,7 

8.  17.  21 

1,26 

58.  42.  52,58. 

+  11,30 

98 

y  Asini 

4 

127.  11.  42,2*  8,  28.  47 

3,52 

22.  20.  59,3N 

—12,11 

99 

^Asini 

4 

127.  36.  43,4     8.  3a  27 

%I/,TT? 

19.     3.  22,0N 

—12,22 

100 
lOJ 

J  Navis 

2 
3 

129.  27.    5,0 

8.  37.  48 

1,61 

53.  48.     2,18. 

+  12.73 

*  Ursae  maj.    ' 

130.  29.    7,9 

8.  41.  57 

4,25 

48.  59.  58,7N 

—13,00 

102 

a  Cancri 

3 

130.  32.  21,3 

8.  42.    9 

3,31 

12.  48.  33,5N 

—13,01 

103 

K  Ursx  maj. 

4 

131.  36.  28,0 

8.  46.  26 

4,20 

48.     7.  16,6N 

—13,30 

104 

X  Navis 

3 

134.  42.  17,7 

8.  57.  49 

2,21 

42.  26.    4,1  S. 

+  14,09 

105 

0  Navis 

1 

137.  35.  26,0 

9.  10.  22 

0,75 

68.  41.  26,58. 

+  14i79 
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f 

Ritht 

J     Riitt 

Anttua) 

I 

'aIAuiI  ' 

Numh. 

Nim« 

A«™«OD 

jA«9^ 

V«irt. 

Dylinition. 

Vitiation. 

of 

and  Place! 

1 

in 

Degreet 

b  Time. 

•* 

Sun. 

of  [he  Slut. 

~ 

H,     M.      s. 

s.: 

H 

li.     a. 

S. 

Ml 

.Coiri 

4 

185. 

38.  41  e 

(«'22.  35 

.  3^2 

ffT'-AG.  17,26 

H-19,94 
4l*^89 
+ 19,88 

U3 

y  Cenuuri 
y  Virginii 
0  Virgini. 
,9  Cnids 

2 

186. 

57.  53,t 

li/a?.  fl2 

.3^7 

47, 

34v  52,98 

US 

3 

187. 

IS.  7.a 

i«  m.^  a 

3/>8 

0. 

4.  22,3S 

144 

4 

187. 

48.  53,* 

n  31.  ..16 

3^2 

66 

4*.     6,1s 

i  L9.8* 

14.5 

2 

188. 

19.  40,1 

■12   »».  19 

3,42 

58. 

19.     8,3S 

+  19.83 

146 

I  Urax  maj. 
JVirgid. 
Luc.9nbUn.n1 

2 

190. 

44.     5,6 

12.  42.  56 

.2,69 

■57. 

19.  15,IN 

—19,69 

147 

3 

190. 

45.  18,1 

13.  43.     1 

3.06 

1  *- 

45.  43  2N 

--19,69 

148 

3 

191. 

4.  20,0 

12.  44.  17 

.,2,86 

39, 

40.  25,8N 

—19,66 

149 

,  Virgini. 
9  Virgini. 

3 

192. 

25.  51,8 

12.  49.  43 

3,01 

12. 

18.  S4,3N 

—19,57 

ISO 

4 

194. 

15.  26,5 

13.  57.     2 

3,09 

4. 

u.  47,2s 

+  19.41 

1.51 

yHydr* 
1  Cenuuri 

3 

196. 

20.  4«,6 

13.     5.  23 

3.23 

;21. 

50.  43,8S 

+ 19,22 

152 

3 

196. 

39.  27,6 

13.     6.  38 

3,34 

35. 

23.     6.6S 

+  19.20 

153 

a.  Virgini* 

1 

198. 

0.  51,4 

13.  12.     3 

3,15 

9. 

SO.  51  .IS 

+  19.06 

154 

Virgini. 

2 

198. 

26.  53,8 

13.  13.  48 

2.45 

56. 

14.  12.2N 

—19.01 

155 

3 

200. 

29.  37,0 

13.  21.  58 

3,08 

1 

41.  27,5N 

—18,77 

156 

>  Centauri 

S 

201. 

3.  30.4 

13.  24.  14 

3,69 

52. 

10.  55.2s 

+  18.70 

157 

1  UrsK  maj. 
f  Centauri 
ti  Booti* 

S 

204. 

24.  58,6 

13.  37.  40 

2,41 

50, 

34.     5,4N 

—18,24 

158 

3 

205. 

1.  14.6 

13.  40.     5 

3,66 

46. 

2,  3S,3S 

+  18.15 

159 

3 

205. 

41.  34.1 

13.  42.  46 

2,88 

19. 

39.  45,0N 

—18,06 

160 

2 

206. 

36.  41.8 

13.  46.  27 

4,09 

59. 

9.     1.8S. 

+  17,91 
+  17.69 

161 

3  Centaari 

3 

207. 

59.  57.S 

13.  52.     0 

3.52 

35. 

7.  34.9S 

162 

a  Draconii 

3 

209. 

24.  28,7 

13.  57.  38 

l^ 

65, 

34.  32,5N 

—17,45 

163 

«  Virginia 

4 

20fJ. 

53.  57,8 

la  59.  36 

3,19 

9- 

5.  43,3S 

+  17.37 

164 

1 

211. 

4.--  1,0 

14..    4.  16 

2,82 

20. 

29.  39,2N 

—17.16 

165 

X  Virgini* 
„  Cenuu'ri 

4 

211. 

24..  18,4 

14^     5.  87 

3.22 

12. 

12.  29,0S 

+  17,20 

166 

S 

214! 

56.     S,l 

14.  19.  45 

,^75 

*»■ 

2.  28,8S 

+  16,43 

167 

y  Triooum 

3 

215; 

C9.  £3,5 

14,  82.    0 

2.43 

38. 

24.  19,0N 

—16,31 

168 

Ici,™ 

3 

215. 

39.'*5,+ 

14:  22.  39 

4.68 

63. 

51.  48,2S 

+  16,26 

169 

a  Centauri 

1 

215. 

4S.  %1.1 

1,4.  22.  50 

4.41 

59. 

47.     9,4S 

+  16,26 

170 

.L«pi 
fTrionum 

3 

216. 

21.  48.0 

14.  25    27 

3,89 

46. 

17.  40,1S 

+  16.14 

171 

3 

217. 

•18,   14,6 

14-  29.  13 

2.86 

14. 

48.  52,2N 

—15.93 

172 

.  Trionum 

3 

918. 

32.  15,Jf 

14.  34.     9 

2,63 

za 

8.  27.0N 

—15,67 

17s 

0  Librx 

2 

^ 

16.  20,9 

14.  37.     5 

3,30 

14. 

59.     9,7S 

+ 15.50 

17* 

;SLura 

3 

34.     6.6 

14.  *2    16 

3,86 

42. 

6.  13,9S. 

+  15,22 

175 

.  Ceo^uri 

3 

45.  12.7 

14.  43.     t 

3,84 

41. 

4.  45^6S. 

+  15,17 

"  176 

V  Scorpio  nit 

4 

222' 

22.  28,5 

14.  49.  30 

3,48 

24. 

16.  S3,5S. 

+  14.70 

177 

|3  Ura*  min. 

3 

55.  42,3 

14.  51.  43 

2,28 

75. 

10.  51.2N 

-14,66 
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, 

Numb. 

1 
Names 

s 

Right 
Ascension 

Right 
Ascension 

! 
Annual 

Variat. 

DecUoatioa. 

.1 

Annual 

of 

and  Places 

in  Degrees. 

in  Time. 

+ 

VarUtion. 

Stars. 

of  the  Stars. 

c 

• 

3 

D.       M.     S. 

H.     M.     S. 

s. 

D.      M.     S. 

S. 

•214 

1  Herculis 

252.  40.  52,2 

16.  50.  43 

2,29 

31.   18    41,6N 

—  5,96 

215 

n  Scorpionw 
n  Ophiuchi 

3 

253.  34.  34,1 

16.   54.  18 

4,28 

42    52    39,2S 

+  6,66 

216 

2 

254.     0.  53,9 

16.   56.     4 

3,44 

15.  23.  28,4S 

+  5.52 

217 

a  Herculis 

2 

255.  48.  49,2 

17.     3.  15 

2.74 

14.  41.  44,5N 

—  4*91, 

218     ^  Herculis 

3 

256.  26.  36,4 

17.     5.  46 

2,47 

2,5.     9.     4,7N 

—  4,69, 

* 

219 

0  Ophiuchi 

3 

256.  40.  11,2 

17.     6.  21 

3,67 

24.  43    20,6S 

•f  4.61, 

220 

u  Arar 

3 

258.     8.  27,0 

17.  12.  34 

4,61 

49.  38    31,88 

+  4,12, 

221 

V  Scoq)ioni8 

4 

258.  27.     0,8 

17.  13.  48 

4,09 

37.     3.  55,9S 

+  4,01! 

222 

X  Scorpionis 

3 

2.59.     9.  59,4 

17.  i6.  40 

4,08 

36.  53.  28,68] 

+  3,77  j 

223 

0  Scorpionis 

3 

259.  50.  56,1 

17.  19.  24 

4,3J 

42   48.  23,281 

+  3,53! 

224 

«  Ophiuchi 

2 

260.  50.     5,3 

17.  23.  20 

2,78 

12.  45.  47,9N 

—  3,17! 

1 

225 

P  Draconia 

3 

^61.  12.     6,8 

17.  24.  48 

1,36 

52.  29.  44,5N 

—  3,06 

226 

K  Scorpionis 

3 

261.  18.  19,3 

17.  25-  13 

4,13 

38.  52.  14,68. 

-h  3,03 

227 

t  Scorpionis 

3 

262.  31.  53,5 

17.  30.     8 

4^18 

39.  59.  49,0S. 

+  2,60' 

228 

fi  Ophiuchi 

3 

262.  46.  55,0 

17.  31.     8 

2.97 

4.  41.  40,6N 

—  2,52; 

229 

Y  Ophiuchi 

3 

263.  50.  35,2 

17.  35.  22 

3,01 

2.  40.  28,3N 

—  2,15 

230 

fA  Herculis 

4 

264.  10.     9,5 

17.  36.  41 

2,38 

27.  53.     3,9N 

—  403 

281 

{  Sen>eiitis 

4 

266.  49.  26,9 

17.  47.  18 

3,16 

3.  38.  56,3S. 

-hUl 

232 

9  Herculis 

3 

266.  55,  25,6 

17.  47.  42 

2,06 

37.  17.  56,4N 

—  1.08 

233 

*Sagittarii 

4 

267.  26.  21,5 

17.  49.  45 

3,87 

3i0.  53.  23,78. 

-f  a89 

234 

y  Diaconis 

3 

267.  42.     3,0 

17.  50.  48 

2^1 

51.  31.  37,9N 

—  0,80 

235 

u  Sagittarii 
JSagittarii 

4 

269.  42.  12,7 

17.  58.  49 

3,60 

21.     5  56,98. 

—  0,10, 

236 

3 

271.  14.  31,8 

18.     4.  58 

3,85 

29.  54.  18,48. 

—  0,43 ! 

237 

1  Sagittarii 

3 

271.  53.  39,7 

18.    7.  35 

4,00 

34.  28.  17,48. 

—  0,671 

238 

X  Sagittarii 

3 

273.    8.     5,2 

1$.  12.  32 

3,72 

25.  31.  57,48. 

— 1.09| 

239 

•  Lyne     , 

1 

1 

277.    7.    7,0 

18.  28.  28 

2,06 

38.  34.    0,0N 

+  2,48' 

240 

f  Sagittarii 

4 

277.  30.  26,7 

18.  30.     2 

3.77 

27.  13.  13,aS. 

—  2;61 

241 

0*  Sagittarii 

3 

279.  56.  13,4 

18.  39.  45 

3,74 

26.  34.  51>08. 

—  3,45 

248 

fiLyrm 

3 

280.  12.  47,3 

18.  40.  51 

2,22 

33-    5.  23,4N 

+  3,55; 

946 

OScrpcntit 

4 

280.  56.  51,2 

18.  43.  47 

3,00 

3.  54.    6,0N 

+  8,80. 

244 

i  hyrm 

3 

281.  26.  36,3 

18.  45.  46 

2,11 

36.  35.  48,6N 

• 

+  3,97 

, 

M6 

{Svttarii 

3 

281.  40.  16,6 

18.  46.  41 

3,84 

30.  12.  36,08. 

—  4,06 

^.'^mB 

fl  AfliibB 

4 

282.    4.  17,5 

18.  48.  17 

2,73 

14.  44.  56,1N 

+  4,18: 

li:...  ,.  j 

'.'SIV 

TJ-ynt 

8. 

282.  23.  54,3 

18.  40.  36 

2,26 

32.  21.  49,0N 

+  4,29 

wmii 

^4ll 

4  SiflWtiii 

4 

282.  25.  19,1 

18.  49.  41 

3,60 

22.    5.    0,88. 

-4*31 

■tl 

^B 

*     ff  l^lllMB^l' 

.4 

282.  4a  38,3 

18.  51.  19 

3,77 

28.    0.  30,68. 

—  4,45  ; 

■ 
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1 

Right 

RiEht 

Annu.] 

Numb. 

NlDKt 

AKHUiOD 

AKCiuion 

Df 

■nd  Flint 

in  Dcgnci. 

u>  Time. 

+ 

Sun. 

of  the   Siiit 

D.        M.     S. 

«. 

"> 

«.     s. 

s. 

250 

f  Aquiix 

+ 

283.  28,  50,* 

18.  53.  55 

2,69 

13 

30.  42,5N 

-.W 

251 

TSagittarii 

3 

2R3,  35.  +5,+ 

18.  54.  23 

3,59 

21 

23.  48,8S 

—  v^ 

252 

ff  S^aiaani 

+ 

286.     9.     8,7 

19.     +.  37 

4.3+ 

++ 

53.  +2,4.S 

-SJ 

2SS 

.S.gin.rii 

+ 

286.  37.  +3,3 

19.     6-  31 

+.20 

41 

3.   2I,5S 

-i.1l 

25* 

J  Diacooii 

3 

288.     6.  23,0 

19.  12.  Ii6 

0,06 

67 

13.   17.1  N 

+a 

255 

JA()ijilz 

3 

2(<8.  13.  24,7 

19.  12.  5+ 

3,02 

2. 

38.   18,2N 

+J1 

256 

SCygni 

3 

290.     9,  25.3 

19.  20,  38 

2,43 

27. 

27.      4,01» 

i-all 

257 

* 

290.  58.  30,6 

19.  23.  5+ 

4,01 

i. 

49.    12,25 

-«■! 

258 

.Sagiiii 

+ 

292.  1*.     1,0 

19.  28.  56 

2.69 

17. 

27-  2a,^^ 

-|,»l 

259 

,A,mli 

3 

293.  35.  30,2 

19.  3+.  22 

2,28 

lU. 

I.    22,OM 

""1 

260 

)C,g»i 

3 

294.  17.  28,+ 

19.  37.  10 

1,86 

w 

31.  583N 

^"i 

261 

a  AtJuiliP 

2 

29+.  38.  46,7 

19.  38.  35 

2,91 

8 

13.  +*»3I 

+  »■ 

262 

*  Aniinoi 

+ 

29+,  55.  55,0 

3.07 

23.     5.4»I+U^ 

263 

flAqote 

3 

295.  +5.  31,0 

19.  +3.     2 

3,02 

5. 

+8.    lO,^ 

,|,(t'H 

26* 

J  Pnoni. 

* 

295.  58,  55,0 

19.  43.  56 

5,92 

3,35 

bti. 

46.   50,8S. 

— 

f 

205 

a  Capricorni 

3 

301.     2,  2+.3 

20.     3.  46 

1.3. 

IS.      2,88. 

-u 

26(5 

.  Pa<on(s 

2 

301.  25.  20,0 

20.     5.  41 

4,83 

a7. 

30.   27^VSl~»tM 

267 

S  Ci4.ricon.i 

3 

301.  ++.     3,0 

20.     6.  56 

3,39 

15 

33,      2.7S 

26fi 

ifx 

3 

303.  18.  50,0 

20,  13,  15 

2,16 

39 

8.    12.8^ 

269 

3 

30+.  57-  50,9 

20    19.  52 

4,29 

18. 
10 

8.    14,0s 

270 

.  Ddphini 

4 

305.  18.  56,+ 

20,  21.  16 

2,8S 

2S.    2(W1N 

i"^V 

271 

g  Pavoni. 

3 

305.  31.   18,6 

20.  22.     5 

5,65 

i7. 

+■      S^SS 

272 

e  Ddphini 

4 

305    5+.  17,8 

20.  23.  37 

L',82 

13 

49     s%St 

^ 

'273 

S  Ddpliini 

3 

306.  27.  34,3 

20.  25.  50 

2,82 

13. 

4^.   38.6h 

.IV 1     , 

27+ 

«  Dclphiiii 

3 

307.     0.  22,2 

2,79 

15. 

2    51^N 

275 

J  Delphi,  i 

* 

307.  56    +4,9 

20.  31.  47 

2,81 

14, 

n.  36^ 

ii76 

.  Cy«m 

2 

308,  13.  38,5 

20.  32.  55 

2,05 

H. 

23.    54^ 

Jl     1 

277 

y  Ddphini 

+ 

308.  46.     3,0 

20.  35.     + 

2,79 

I,=l. 

278 

■Cypni 

9 

309.     1.   19,6 

20.  36.     5 

2.10 

3,'i, 

27a 

^  Cygni 

* 

315.  3+.  26,+ 

21.     2.   IS 

2.55 

L'9. 
+. 

12.    S0.7^   +J      / 

280 

^  EqiiUci 

* 

115.  +0.  36,0 

21.     .3.   IS 

3,01 

1*.      8,1N  -4 

281 

* 

■•,iG.  21.     5,2 

2i.     5    2+ 

5.'^H 

ifi. 

/ 

'2f.S 

e  Pfgasi 

+ 

J17.  37.  2,5,:i 

21.  10,  30 

2,79 

18. 

+4,    53,7N  'A 

•26'.i 

^  C.  phd 

3 

il8.     8,  +I.H 

'^l.  12.  34 

1,43 

a. 

31.   S5.7N  -J 

28+ 

S  Aquarii 

3 

319,  35.  53,7    'n.   18.  24 

3,18 

6. 

39.  22,4ti 

i 
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Right 

Right 

t 

Annual 

"" 

Annual 

Numb. 

Names 

Ascension 

Ascention 

Variat. 

Declination. 

Variation, 

of 

and  Placet 

§• 

iaDegi 

'eei. 

in  Time. 

+ 

• 

Stasi. 

of  the  Stan. 

4 

D.     M. 

8. 

H.-     M. 

8. 

s. 

I>. 

M.      S. 

8. 

285 

fi  Cephei 

321.   19. 

34,4 

21.  25. 

18 

0,81 

69 

27.  54.8N 

-h  15,64 

286 

y  Capricorni 

S 

321.  27. 

12,5 

21.  25. 

49 

3,35 

17. 

46.  42,0S 

—  15,66 

287 

f  Pegasi 

8 

322.  58 

21,6 

21.  31. 

53 

2,95 

8. 

44.  29,8N 

-f  16,00 

288 

u  Cygni 
S  Capricorni 

4 

323.  14. 

41,1 

21.  32. 

59 

2,64 

27. 

37.  24,1N 

+  16,05 

289 

3 
3 

323.  18. 

8,6 

21.  33. 

13 

3,33 

17. 

14.  48,3S. 

—  16,06 

290 

y  Gruis 

324.  40. 

33,5 

21.  38. 

42 

3,70 

38. 

31.  28,7S. 

— 16,35 

291 

a  Gruis 

2 

328.     5. 

7,7 

21.  52. 

21 

S,96 

48. 

9.  21,4S. 

—  17,00 

292 

a  Aquarii 

3 

328.  14. 

0,6 

21.  52. 

56 

3,10 

1. 

31.  25,98. 

— 17,03 

293 

a  Tucanae 

3 

330.  16. 

46,0 

22.     1. 

7 

4,31 

61. 

29.  34,0S. 

—  17,40 

294 

y  Aquarii 

3 
3 

332.  11. 

5,6 

22.     8. 

44 

3,09 

2. 

38.  13,5S. 

—  17,71 

295 

/3  Gruis 

336.  54. 

3,2 

22.  27. 

36 

3,68 

48. 

10.  51,0S 

—  18.43 

296 

fPeg«* 

3 

337.  14. 

43,9 

22.  28. 

59 

2,99 

9. 

32.    4,3  N 

+  18,46 

297 

t)  Pegasi 

3 

337.  49. 

37,7 

22.  31. 

18 

2,80 

28. 

55. 14,5N 

-r  18,55 

298 

X  Aquarii 

4 

339.  53. 

27,8 

22.  39. 

34 

3,16 

8. 

54.    8,2S. 

—  18,82 

299 

i  Aquarii 

3 

I 

340.  20. 

14,6 

22.  41. 

21 

3,22 

17. 

8.  39,9S 

— 18,87 

800 

Fomalhaut 

340.  56. 

41,7 

22.  43. 

47 

3,34 

30. 

56.  24,8S 

—  18,94 

SOI 

0  Andromedae 

4 

342.  36. 

49,0 

22.  50. 

27 

2,72 

40. 

59.  22,0N 

+  19,12 

S02 

/?  Pegasi 

2 

342.  55. 

14,5 

22.  51. 

41 

2,89 

26. 

43.  52,7N 

+  19;i5 

SOS 

a  Pegasi 

2 

*!/y3.       t. 

57,3 

22.  52. 

20 

2,99 

13. 

51.  56,0N 

-r  19,17 

SM 

^  Aquarii 

4 
4 

345.  20. 

23,1 

23.     1. 

22 

3,13 

7. 

23.  31,2S 

— 19,38 

S05 

y  Cephei 

352.  19. 

22.1 

23.  29. 

17 

2,31 

76. 

14.  11, ON 

+  19,86 

S06 

«  Androraedae 

2 

858.  52. 

44,1 

23.  55. 

31 

3,06 

27. 

42   32.1N 

+  20,04 

S07 

/9  Cassiopeiae 

3 

358.  59. 

41^4 

23.  55. 

59 

3,04 

56. 

46.     7,0N 

+  20,04 

• 

, 

( 


) 


THESE  CMtaiogoH  of  H.  de  k  Caille  were  taken  from  tiie  Ephemerliet 
da  Mtmcemau  COettes^  ftvm  1765  to  1775.  The  ri^t  ascensions  in  the  se^ 
cmd  Citalogiie  were  deternnned  by  taking  eqaal  altitudes  with  a  quadrant  <£ 
Arce  feet  ndins ;  but  this  method  of  determining  the  right  ascensions  is  less 
end  than  that  bj  the  tnnsit  initmment.  The  declinations  in  each  Catalogue 
were  dcdnced  froa  the  — — ^""  KBidi  distaoces  observed  with  a  quadrant  of 
SOL.  feet  ndins.  Tbe  right  aaccnsioiis  in  the  first  Catalogue  were  settled  with  a 
tnnflt  ■— ^*"ii*fnt,  hf  camfmnatm  widi  the  stars  in  the  Fundamenta  Astrononwt; 
but  tberi^  aacmsiaoi  of  tlie  Stan  in  tfaeAndmiflUla  ^f/ronontiff  having  beea 
settled  faj  eqoal  nhn*ii'r«,  the  b^h  — '— ■Htpt  of  the  stars  compared  with  them 
nuisl  be  sidiject  to  tlv  m 
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ZACH's  CATALOGUE   OF  S8i    PRINaPAL   STARS, 

FOB  THE  BEGINNING  OF    1800. 


- 

k^ 

Right 

Annual 

Right 

Annual 

Numb. 

Names    «^ 

1 

AsceasioD 

Variat. 

Ascttitioii 

Variat. 

DedinatioiB. 

of 

and   Places 

a 

5 

in  Time. 

-f 

-H 

Stars. 

of  the  Scars. 

• 

* 

8. 

D.    M.    S« 

& 

D.     M. 

1 

88  y  Pegasl 

2 

0.     2.  56,79 

3,063 

0.  44s  11,8^ 

45,95 

14.     4  N. 

2 

8  » Ceti 

3 

0.     9.  13,51 

3,059 

2.  18.  22,66 

45,89 

9.  57   S. 

5 

15  X  Cassiopeia; 

4 

0.  21.  45,12 

3,301 

5.  26.  16,75|  49,51 

61.  50  N. 

4 

17  £C'Ssioi>eiac 

4 

0.  25.  53,93 

3,262 

6.  28.  29,01 

48,93 

52.  49  N. 

5 

1 7  1  Andromedsc 

3 

0.  28.  39,02 

3,161 

7.     9.  45,31 

47,42 

29.  45  N. 

6 

18  a  Cassiopeiac 

3 

0.  29.  14,40 

3,311 

7.  18.  35,95 

49,66 

55.  26  N. 

7 

16/9  Ceti 

2,3 

0.  33.  31,83 

3,001 

8.  22.  57,40 

45,01 

19.     5  S. 

8 

24  f)  Cassiopeix 

4 

0.  37.     1,44 

3,389 

9.  15.  21,64 

50,83 

56.  46  N. 

9 

63 1  Piscium 

4 

0.  38.  19,08 

3j093 

9.  34..  46,15 

46,39 

6.  30  N. 

10 

27  y  Caasiopeise^ 

3= 

0.  44.  44,75 

3,505 

IL  11.  11,29 

52,58 

59.  88  N. 

11 

71  f  Piscium 

4 

0.  52.  33,95 

3,103 

1 3.     8.  29,20 

46,55 

6.  49  N. 

12 

43/9Andromed« 

2 

0.  58.  34,23 

S>297 

14.  38.  33,38 

49,46 

34.  33  N. 

13 

33  ^  Cassiopeiz 

4 

0.  59.     0,22 

3,531 

14.  45.     3,33 

52,96 

53.  35  N. 

14 

86  t  Piscium 
37  ICassiopeix 

4 

1.     3.  16,99 

3,109 

15.  49.  14,80 

46,63 

6.  31  N. 

15 

3 

1.  12.50,58 

3,761 

18.  12.  38,70 

56,42 

59.  ILN. 

16 

98  yu  Piscium 

5 

K  19.  42,07 

3,108 

19.  55,  31,07 

46,62 

5.    7  N. 

17 

1 02  T  Piscium 

5 

1.  30.  30,70 

3,164 

22.  37.  40,56 

47,46 

11.    7  N. 

la 

106  » Piscium 

4,5 

1.  31.     1,77 

3,107 

22.  45.  26,62 

46,61 

4.  28  N. 

19 

1 10  0  Piscium 

4,5 

1.  34.  50,72 

3,144 

23.  42.  40,84 

47,16 

8.     9  N. 

20 

45  f  Cassiopeia 

3 

1.  40.  10,01 

4,155 

25.     2.  30,13 

62,33 

62.  41  N. 

21 

55^Ceti 

3 

1.  41.  36,69    2,953 

25.  24.  10,33 

44,30 

11.  20  S. 

22 

2  a  Triang.  bor 

3,4 

1.  41.  42,74 

3,379 

25.  25.  41,15 

50,68 

28.  36  N. 

23 

5  y  1  Arietis 

4 

1.  42.  34,52 

3,258 

25.  38.  37,73 

4^.87 

18.  19  N. 

24 

6/SAriefi8 

3 

1.  43.  36,77 

3,277 

25.  54.   11,48 

49,15 

19.  50  N. 

25 

9  X  Arietis 

5 
2 

1.  46.  48,86 

3,315 

26.  42.  12,83 

49,73 

22.  37  N. 

26 

57  y  Andromedx 

1.  51.  41,05 

3,615 

27.  55.  15,76 

54,23 

41.  22  N. 

27 

•  praec.  a  T 

1.  50.  26,15 

27.  36.  32,25 

# 

28 

13  a  Arietis 

2 

1.  55.  55,27 

3,335 

28.  58,  49,05 

50,02 

22.  31  N. 

29 

•  feq.  a,  T 

1.  59.  38,13 

29.  54.  31,95 

SO 

22  S  1  Anetifr 

5,6 
0,2 

2.    7.     1,64 

3,308 

81.  45.  24,55 

49,62 

18.  58  N. 

31 

68  0  Ceti  (var. ) 

2.     9.  14,70 

3,019 

32.  18.  40,50 

45,29 

3.  54  S 

32 

42  T  Arietis 

6 

2.  38.     9,29 

3,321 

39.  32.  19,32 

49,81 

16.  38  N. 

33 

43  c  Arietis 

6 

2.  40.  28,09 

3,285 

40.     7.     1,39 

49,28 

14.  15  N. 

34 

82^Ceti 

3 

2.  29.  14,17 

3,060 

37.  18.  32,54 

45,90 

0.  33  S. 

35 

83!  Ceti 

3 

2.  29.  53.42    ^884 

37.  28.  21,37 

43,27 

12.  44  S. 
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ZA€H'8  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


Right 

Annual 

Right 

Annual 

Hunib; 

NtlBCt 

S 

Asceniion 

Variat. 

Atcentioo 

Variat. 

Declination. 

of 

and  Places 

1. 

1 

1 

in  Tine. 

+ 

in  Degrees. 

+ 

Stan. 

of  the  Stan. 

f 

^ 

U. 

M.    S. 

s. 

D.     M.     8. 

8. 

D.     M. 

36 

86  y  Ceti 

3 

2. 

32.  57,18 

3,102 

38.   14.   17,70 

46,53 

2.  23   N. 

37 

89  ^  Ceti 

3 

2. 

34.  36,02 

2,849 

38.  39.     0,29 

42,74 

i4.  43   S4 

38 

39YLiliibor. 

4 

2. 

35.  57,70 

3,521 

38.  59.  25,49 

52,81 

28.  25   N. 

39 

41  T  Liliiaust. 

4 

2. 

38.  14,43 

3,489 

39.  S3.  36,49 

52,34 

26.  26   N. 

40 

40(2  Arietis 

6 

2. 

44.  35,65 

3,344 

41.      8.  54,72 

50,16 

17.  31  N. 

41 

46  (  3  Arietis 

5fi 

2. 

45.     9,35 

3,340 

41.   17.  20,19 

50,10 

17.  13  N. 

42 

3  n  Eridani 

3 

2. 

46.  39,72 

2.917 

41.  39.  55,78 

43,75 

2.  42  S. 

43 

48  f  Arietis 

5 

2. 

47.  48,12 

3,401 

41.   57.      1,80 

51,01 

20.  32  N. 

44 

23  Y  Penei 

3 

2. 

50.  24,42 

4,250 

42.  36.     6,25 

63,75 

52.  43  N. 

45 

• 

92  «  Ceti 

2 

2. 

51.  50,07 

3,119 

42.  57.  31,06 

46,66 

3.  18  N. 

46 

♦  seq.  •  Ceti 

2. 

51.  54,61 

42.  58.  39.15 

47 

26/3Per8ei 

2,3 

2. 

55.  12,07 

3,846 

43.  48.      1,04 

57fi9 

40.  11   N. 

48 

57  ^  Arietis 

4 

2. 

0.  12,71 

3,393 

+5.     3.  10,59 

50,89 

18.  58   N. 

49 

58  ^Arietis 

5 

3. 

3.  25,98 

3,422 

45.  51.  29,77 

51^ 
43,56 

20.  18  N. 

50 

13 1  Eridani 

3 

3. 

6.    7,48 

2,904 

46.  31.  52,20 

9.  S4  S. 

51 

6l  T  1  Arietis 

7 

3. 

9.  42,36 

3,433 

47.  25.  35,39 

51,49 

20.  25  N. 

52 

33  »  Perijei 

2 

3. 

10.     6.85 

4,203 

47.  31.  42,77 

63,05 

49.     8  N. 

53 

63  T  2  Arietis 

6 

3. 

11.   16,37 

3,428 

47.  49.     5,48 

51,42 

20.     1   N. 

54 

65  Arietis 

7 

3. 

J2.  55,52 

3,430 

48.    13.  52,74 

51,45 

20.     5  N. 

55 

5  f  Tauri 

5 

3. 

19.  50,65 

3,289 

49.  57.  39,78 

^9,3S 

12.  15  N. 

56 

18  i  Eridani 

3,* 

3. 

23.  31,52 

2,883 

50.   52.  52,84 

43,24 

10.     9  N. 

57 

$9  ^  Persei 

3 

3. 

28.  44,93 

4,203 

52.   11.   13,9i 

63,05 

47.     8  N. 

58 

25  u  Luc.  Pleiad 

3 

3. 

35.  37,17 

3,535 

53.   54.   17,56 

53,03 

23.  29  N. 

59 

44  ^  Persei 

3 

3. 

41.  35,20 

3,734. 

55.  23.  48,00 

56,01 

31.  17  N. 

60 

45  I  Persei 

3 

3. 

44.  29,1c; 

2:977 

56.     7.  17,87 

59.66 

39.  25  N. 

6l 

34  y  Eridani 

2,3 

3. 

48.  42,25 

2,786 

57.  10.  33  77 

41,79 

14.     5  N. 

62 

37  A  Tauri 

5 

3. 

52.  53,46 

3,515 

58.    13.  21,83 

52,72 

21.  32   N. 

63 

54  y  Tauri 

3 

4. 

8.  25,2::, 

3,387 

62.     6.   18,48 

50  80 

15.     8  N. 

64 

6l  ^  1  Tauri 

3,4 

4. 

11.  24,6> 

3,43:' 

02.  51.   10,26 

51,48 

17.     4  N. 

65 

64  ^  2  Tauri 

4 
5 

4. 

12.  34.93 

3,431 

63.     8.  43, 8i; 

51,46 

16.  58  N. 

66 

65  X  1  Tauri 

4. 

13.  27,6C 

3,545 

63.  21.  54.93 

53,17 

21.  50  N. 

67 

67  X  2  Tauri 

4,1 

4. 

13.  31,13 

3,543 

()3.  22.  47,012 

53,14 

21.  44  N. 

68 

74  £  Tauri 

3,4 

4. 

16.  56,.g^ 

3,475 

64.   14.    14,7t) 

52,12 

18.  44   N. 

69 

77-^  Tauri 

5 

4. 

17.     P.3C 

•    3,401  '64.    17.    19,53 

51,02 

15.  31   N. 

70 

78  ^  Tauri 

5 

4. 

17.  !9,5:j 

3.399 

64.   19.   52,91 

50,99 

15.  25  N. 
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ZA-CII's  CATALOGUE  OF  THE  PRIKCIPAL  STARS> 


S 

Right 

Annual 

Right 

Annual 

]ffui&b.r 

Names 

Ascension 

Varijt, 

Ascension 

Variat. 

Declination. 

of 

and  Places 

3^ 

c 

m  Time. 

4r 

in  Degrees. 

+ 

Scars. 

of  the  Stars. 

0. 
• 

U.      M.     S. 

8. 

D       M.      S. 

9. 

D.      M. 

71 

*  prsec.  a  y 

4.  22    12,56 

65.  33.     8,4C 

> 

72 

87  Aldeharan 

1 

4.  24.  2;,29 

3,421 

66.     6.  49,3S 

\  51,31 

16.     6N. 

73. 

*  seq.  a  a 

4    26.  43,44 

GG.  40.  51,60! 

74     9i  (7  1  Tauri 

6 

4.  27.  44,78 

3.406  ^^'^'  56.  11,77 

51,09 

15.  24  N. 

75 

52  V  2  Eridani 

3,4 
6 

4.  27   47,26 

2,329 

66   56,  48,8:: 

34,94 

SO:  59  S. 

76 

92  a  2  Tauri 

4   27.  50.67 

3,409 

66.  57.  40,07 

51,13 

15.  31  N. 

77 

5\f  Eridani 

3,4 

4.  31.  43,15 

2,615 

67.  55.  47  21 

39,23 

20.     4  S. 

78 

102  .  Tauri 

4 

4.  51.     9.38 

3,565 

72.  47.  20,75 

53,47 

21.  18  N. 

79- 

67  fi  Eridani 

3 

4.  5%.     2,38 

2,948 

74.  30.  35,74 

44.22 

5    21s. 

80 

69  X  Eridani 

4 

4.  59   34,73 

2,863 

74.  53.  40,95 

42,95 

9.     1  S. 

81 

♦  praec.  a  Aurig. 

5.     1.  39,44 

75.  24.  51,60 

82 

13  Catiella 

1 

5      1,  56,16 

4,414 

75.  29.     2,40 

66,21 

45.  47  N. 

83 

*  seq.  a  Aurig. 

5.     3.  14,28 

75.  48.  34,20 

84 

*  pnec.  /9  Orion. 

5.     3.  56,39 

75.  59.     5,85 

85 

19  Rlgel 

1 

5.     4.  55,54    2,867 

76.  13.  53,10 

43,01 

8.  27  S. 

SG 

*  seq.  /5  Orionis 

5.     8.  24,57 

77.     6.     8,55 

87 

1 20^  r^i/ri 

2 

5    13.  39,38 

3,77^ 

78.  24.  50  70 

56,67 

28.  26  N. 

88 

24  y  Orionis 

2 

5.  14.  24,54 

3,209 

78.  36.     8,16 

48,13 

6      9N. 

89 

9  /S  Leporis 

3,4 

5.  19.  41,09 

2565 

79.  55.  16  40 

38,47 

20.  56S. 

90 

34  I  Ononis 

2 
3 

5.  21.  47,58    3,057 

80.  26.  53,69 

45,86 

0.  28  S. 

91 

11a  Leporis 

5.  23.  54,94 

2,639 

80.  58.  44,13 

39,59 

17.  59  S. 

92 

123  <r  Tauri 

3 

5    25.  42,41 

3,575 

81.  25.  36,14 

53,62 

21.     ON. 

93 

16  «  Orionis 

2 

5.  26.     4.15 

3,037 

81.  31.     2,19 

45,55 

1.  20s. 

91. 

50  ^Orionis 

2 

5.  30.  40,57 

3,020 

82.  40.     8,57 

45,30 

2.    4  8. 

95 

X  Cdumbac 

2 
3.4 

5,  3Z  25,03 

2,167 

83.     6.  15,45 

32,50 

34.  lis. 

96 

1 3  y  Leporis 

5.  36.     9,02 

2,517 

84.     2.  15.34 

37,75 

22.  31  S. 

97 

53  K  Orionis 

4 

5    38.  16.28 

2,839 

84.  34.     4,21 

42  59 

9.  45  S. 

98 

"  praec.  a  Orion. 

5.  41.  27,74 

85.  21.  56,10 

99      58  a  Orionh 
100      •  seq.  a  Ononis 

L 

5.  44    20.57 

3,239 

86.     5.     8,55 

48,59 

7.  21  N. 

2,3 

5.  47.  53,59 

86;  58.  23,85 

101      ' 

J4  &  Aurigae 

5    44.  51.68 

4,398 

86.  12.  55,22 

69,97 

44   55  N. 

102 

1  FI  Geroinorum 

4,5 

5.  51.  57,7^^' 

3.642 

87;  59.  25,77 

rA  63 

23.  16N. 

103 

7  A  Geminorum 

3.4 

6.     2.  48,29 

3.623 

90.  42.     4,34 

54,34 ; 

22.  S3N. 

.104      ] 

3  fA  Gemioorum 

3 

6.  10.  51.44 

:j,624 

92.. 42.  51,64 

54.86 

22.  36  N. 

fl05 

1  ^  Canis  maj. 

V 

6.  12.  39,0v- 

2,29     93.     9.  46,24 

34.47 

29.  59-S. 

yxxL. 

lU 

3  T 
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T^jSK  aauLhoaOEttt  tmi^vmiatAL-  stab£ 


1    ^ 

r 

1            1 

Am>« 

Ri^l 

AWDlI 

MmM. 

a 

'?^ 

Vtia; 

>l«tt.»« 

VKfat. 

DcdiMha  l\ 

dt 

JJ'iL. 

i 

kiTunt. 

+ 

inD^ren. 

+ 

.«4 

■  1*1 

>■ 

' 

1 

»,  «.       8. 

B. 

a.     H,   a. 

8. 

p.      M. 

! 

:)06 

.8J^<S»w»8i. 

~aj 

6.  IS.  53.76 

9.638 

93.  28.  26,33 

39,57 

17.  53fil 

' 

107 

rs  r  GemincTum 

* 

6.  17,     5.48 

3,SflSt 

»4.  16.  32,22 

63.4S 

20.  eow. 

1 

'J0§ 

2*  y  Genii norum 

2.S 

6.  ,26.     9.SS 

sues 

96.  32.  20,32 

51^ 

IS.  34N 

1 

109 

27  I  Gcminonim 

3. 

6.  31.  37,34 

3,696 

97.5*.  30,05 

55,42 

25.  IBM. 

! 

J 10 

■pnecjGin.  maj; 

6.  29.  41,86 

97.25.  37,00 

,1111 

dSiriui 

"T 

6.  36.  19,91 

2^647 

99.    4.  58,65 

397 1; 

1&  26  S. 

/iW 

•.  «cd,  u  Can.  maj. 
2  ■  Cania  maj. 

6.  41 .  26.68 

00.21.  40,3) 

/H3 

2,3 

6.  50.  V>Ml 

2,354 

02.41.  33,20 

S5,3J 

28.  43  S. 

lit 

2iJ  i  Cani)  maj. 

3.* 

6.  58.  14..55 

8,567 

08.    3.  38.24 

53.47 

w.  Sin. 

/a  15 

2,3 

7.    0.  15,59 

2,436 

05.    S.  53.85 

36,54 

26.     5  & 

^116 

So  i  Gcmioonim 

3 

.7.     8.  10,06 

3.594 

107.    2,  $0,94 

52,91 

23.:2pN. 

.117 

3  P  Caoli  miD. 

3 

7-  16.  18,01 

3,261 

109.    4.  ?0,2I 

46,92 

A  *t||I, 

lis 

•prSrc.  o  GemiD. 

7-16.  13,66 

!09.    3.  «4,90 

^119 

66C-tfw 

1,2 

7.  21.  48,81 

3,855 

110.27.  12.1£ 

57,8a 

a2.,i'ft^. 

1 

120 

•  ^.  *  GMun. 

7.  27.    4^84 

111.46.  12,6C 

121 

69  L  Geminonmi 

*,5 

7.  23.  34,54 

3,715 

1 10.  53.  38.01 

55,72 

27.,  21 N. 

-^ 

-122 

•pr.-Can-mia. 

7.  26.  40,27 

111.40.      4.0,'i 

12S 

10  /'/■e.yen 

1,2 

7.  28.  49,10 

3,137 

112.  12.  ]6,5[ 

47.06 

5.  44N. 

V)i 

<!  teq.  a.  Can.  ntio 

7.  30,  57.1  Z 

112.36.  46.80 

,125 

'2 

7.  33,     3.18 

3.687 

113.  15.  47.70 

55,31 

28.  SON 

'^S 

*itq:^tJeniiii." 

7;  35.  28.78 

11X52.  11.70 

w 

b^SCsncri 

S 

7.  55.  57,64 

3.545 

118.59.  24.55 

53,18 

22.    9  N. 

.% 

14  J,  2  Cancri 

i 

7.  58.  23.85 

3.639 

119.35.  48,73 

■54,5s 

28.    7N. 

129 

17  i9  Cancri 

3.4 

8.     5.  89,37 

3,266 

121.  24.  50,61 

484)9 

9.  48  N. 

ISO 

31  9  Cancri 

5.6 

a  20:  10,35 

3,441 

123.    2,  35,31 

51,61 

18.  46  N. 

131 

33  n  Cancii 

"m 

8.  21.     7.79 

3.491 

1 25  16.  56.87 

52,36 

21.     6N. 

132 

4  J  Hydrtc 

4 

8.  27.     8,0* 

3,189 

r26.  45.  45.53 

47.83 

6.  23  N. 

133 

4,3  -/  Cancri 

4 

8.  31.  41,86 

3,499 

127.  55.  27,85 

52,49 

22.  ION. 

134 

♦7  S  Cancri 

i 

8.  33.  18.1  r 

3,428 

128,  19.  31.70 

51.42 

18.  5SN 

1 

,  135 

11  .  Hydre 

4 

8.  36.  10.14 

3,199 

129.    2.  32,03 

47,98 

7.     8N, 

136 

lafHvdra 

4,5 

8.  44.  48,86 

3,187 

131.12.  12,84 

47.81 

6.  42N 

137 

soil  Cancri 

4,5 

8.  44.  59.39 

3,290 

131.  14.  50,81 

49.35 

12.  24N 

138 

S5«  2  Cancri 

3.4 

8.  47    31,82 

3.292 

131.  52.  57,26 

49.38 

12.  37  N.! 

-   139 

76  «  Cancri 

4,5 

8.  56.  54.33 

3.263 

134.  13.  34,92 

48,95 

11.  28NJ 

140. 

66  1  1  Cancri 

5,6 

8.  ^7.  S0,*7 

3,472 

134.  27.  35.48 

.52,08 

22.  51  N 

I 
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ZAPH'»  CAXAtOQlfBiliSl  ■fflHE  ifBINGIPAL  STAIffii 


1 
Risbt 

.Animil 

Right 

Numb. 

Mtmt. 

AMgBIHlII 

V»riM. 

AscBuioa 

Vir'ut. 

of 

and  PlictI 

in  Tunc 

+ 

in  Deirfei. 

Swn. 

of  the   Stlil. 

'' 

+. 

H.      M.      s. 

s.  . 

~7r 

d;    M. 

141 

22i3  Hydr» 

4 

9.     3.54,80 

3,120 

35.  fiS.  42,03 

46,80 

3.  10  N.I 

!*«■ 

'iii  lieooi?    , 

4 

9-  12.  58,32 

3,524 

38.  14.34,77 

53,86 

27.     2  N.' 

U3 
lU 

"  seq.  «  MydrK 

3 

9.   17.  44.97 
9.  23.     9.19 

2,93* 

89.26.  14,55 
40.  47.  17,85 

44,03 

f.  48  S. 

145 

5  £  Leonii 

4 

9.  21.     9,26 

3,353 

40.  17.  18,97 

4S,S0 

IZ.   UN.' 

146 

UoLeonis 

4 

9.  30.  27,65 

3.224 

42.  37.    4,82 

48,36 

to.  48  N.i 

147 

1/  iLeonis 

3 

9.  34.  28,29 

3,434 

43.37.    4,31 

51,51 

24-.  41  N.' 

148 

24  /x  Leonis 

3 

9-  41.  21,84 

3,457 

45.  20.  27,54 

51,85 

26.  57  N.' 

149 

27  .  Leonia 

4 

9.  47.  26,92 

3,243 

46,  51.43,76 

♦8 ,6  J 

13.  2*  N.| 

150 

29  n-  Leouis 

4 

9-  49.  37,99 

3,183 

47.  24.  29,89 

47^,75 

&.     ON.' 

151 

30  n  Leonis 

3,4 

9.  56.    24j6o 

3,289 

I4g.    6.    9.04 

49,33 

17.  44  N. 

152 

32  Rcgiilas 

1 

9.  57.    +2.0J 

3,204 

149.  25.  30,30 

48,06 

12.  56  N. 

153 

*  sea.  a  Leonis 

0.     4.    28,58 

151.    7.    8,70 

154 

36  {Leonis 

3 

0.     5.    32,34 

3,361 

151.83.    5,16 

50,42 

aV.  25  N. 

155 

41  V  a  Leonis 

2,3 

0.     S.    55,22 

3,306 

153.  13.  48,23 

4'9,60 

So.  51    N. 

'TiG 

34HUrsKmnj. 

3 

10.    10.    21,55 

3,635 

153.  35.  23,32 

54,52 

42.  SO   N. 

157 

47  f  Leonis 

4 

10.  22.    15,77 

3,170 

1^^.  33.  56,49 

"47'55. 

10.  20  N. 

158 

48(3Ursa-mai. 

2 

10.  49.  39,53 

3,709 

l69.  24.  52,93 

5i,6'3 

5^.  27  N. 

159  1    r^Crateris 

4 

10.   50.      V.5 

2,943 

l6;.3i.i"S,C5 

*i-,14 

,7.  14  S. 

,    l6o  'sOaUrsicmaj. 

1,2 

10.  31.   15,84 

3,847 

16^.  48.j55,6] 

57;?o 

62.  50  N. 

l6l      ueCratem 

3,4 

11.      1.    50,0fi 

2,933 

16  .27.' 30,97 

44,03 

3i.  44  S. 

162     eaJLeonis 

2,3 

11.    ii.^  26,39 

3,199 

16  .51.35,91 

47.98 

21.  37  N. 

163    70  3Leo.iis 

3 

11.     3.   44,23 

3,165 

16  .56.    3,49 
16  .22J    2,il 

4748 

16.  31  N. 

16'4     laxCrateris    , 

5.6 

li:  13.   28,15 

2,981 

44,7^ 

17.  17  S. 

l65     -S.Leoms 

4 

n.  13:    28,3? 

3.135 

16  .  23.'    4,85 

4M7 

11.  38  N. 

l66 

S4  T  leonis 

4 

11.  17.  39.49 

3,085 

160.  24.;  52,34 

46.28 

3.  57  N. 

167 

91 V  ;-BoniB 

4 

11.  26"".   45,82 

,3,069 

171.  40.,  42,29 

46,y-i 

0.  ir  N. 

l68 

3  iVirpini* 

5 

11  i  35.   34,45 

1 3,087 

173.53.51,70 

.,4.6;3i 

7,  39  N. 

169 

•prat.^LeonU 

11,  3».    I&,4^ 

lli  38.   5i),i9 

174.34.51,90 

170 

94  Denebola 

1,2 

'  3^062 

174.  42: 37,35 

45,93 

15.  41  N. 

171 

•seVirginis 

3 

11,  40.    l6,JS 

3,122 

175.    4.    5,70 

4Cjj3 

2.   54   N. 

172 

64YLw«maj. 

2 

H.  43.    1*^ 

3,212 

175.  48.  33,3.; 

48,18 

54.  48  N. 

173 

,».Com 

4 

11.58.      6,94 

J,062 

17»J..31.44,K 

45,93 

23.  37  S. 

174 

3.Corv;i 

4 

U.  59.    51.6. 

3,067 

179-  57.  54,4- 

46,20 

21.-30  N. 

175 

ffgiUreamaj. 

3 

12.     5.   27.2. 

3,021 

ISl.  21.  48,4 

45,32 

58.     9N. 
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A'oaPt.CAIAWGVS  Of,  T<iS  PRinCIPAI.  STARS. 


RilW 

An.u.1 

t 

Annoil 

H-«b. 

N^nc 

■■? 

A^tSMIl 

VtriM. 

AMriuion 

VjriiU 

of 

ladtn^ee. 

a_ 

iaTim.. 

+ 

inpcr^u 

+ 

St»>. 

of  tbe  Stui. 

^. 

s.    • 

D.    M.    S. 

H. 

D.      M. 

176 

4yCom 

3 

18.     S.  32,31 

3.077 

181.23.    4,58|jt6,M)il^|£G^    | 

J77 

i  5  ti  Virgini* 

3 

IS.     9.  40,74 

3,067. 

182.  25.  JtUul  «WD 

nJ'fir 

IVS 

9  5Corvi 

3 

18.  23.  51^39 

3,124 

S'J'^ 

.  ITS 

S.DrMoni. 

3 

12.  St.  47,63 

2^1. 

186. 11  fii.TiJpini 

'Ji??- 

I8Q 

29rlVit^iiiu 

3 

13i  SL  33,85 

3*69 

137.  53.  £7,^696)1 

$S1  S. 

iS]  I 

77 1  Ursa  maj. 

"sis 

12.  45.  12^ 

2,746 

191.  18.    m^'tm  Ffci'.S  N.  1 

182 

*3i  Virgini. 

3 

12.  43.  33i66 

3,0*7 

191.23.aMl4..^ 

%  S9  ti. 

18.1 

*7.Virgb.w 

a 

12.  52.  13,33 

3,004 

193.  3.  2(uafMci 

Is.    2  N. 

184 

5UVirpnii 

3,t 

12.  5a  36,46 

3,OR5 

194.54.    6,97  W,43 

4.  28  8. 

185 

'Ayii^rc 

9 

13.     a    ,4>31 

3,825 

197.    1.    4^*1  4V8 

22. .  7  S. 

186 

•prase,  «Virz. 

IS.     a  13,00 

197.  18.  15^ 

i87 

67  Sfiiea 

1 

13.  14.  40,11 

3,137 

198.  4a.  1,06  47,C6 

10.    7  S. 

I8H 

TgfUrsKmaj. 
&9i  VirginU 

3 

IS.  15.  *9,62 

2,425 

198.  57.  24,26  36,37  ,  55.  *y  N. 

189 

4 

13.  16.  J0t79 

3,129 

199.    2.  41,&3  \Giii\n.  40  6L 

ISO 

"9  >  Virginia 

3 

13.  2f.  SOM 

S.M* 

201.   J.  sacs  *5,96|0-  26  N. 

191 

•ItBooUs 

4 

13,  37.  46,36 

2,884 

So*,  as.  S5,35)  4«,26|l8.  27  N. 
2at..W.  42,«0   35,8h'|50.  19  K. 

102 

S5  1  L'rsK  maj. 

2^ 

13.  39.  .1S,8S 

2,S55 

193 

HnBootii 

3 

13.  45.     9,21 

2,81:0 

2(16.  17.  18,1  i;   4i^90 

19.  as  N. 

194 

1 1  «  Draconii 

2,3 

13,  £8.  58^ 

1,62S 

209.  44.  +3,Kl    24,43 

65.  20  N. 

195 

98.  Virginia 

4 

14.     2.  14>87 

3,179 

21  a  3:J.  4^04'  47,66 

aso  a. 

196 

IG  jirduros 

1 

14.    6.  32.21 

2,722 

211.38.    3,16140,83 

20.  15  N. 

197 

•  sen.  B  Dootii 

14.     6.  36,46 

21 L  3a    6,90 

198 

IOO;-Virgitiii 

4 

14.     8.  19,14 

3,223 

212,    4.  47,16 

W\ 

la  27  s. 

199 

2i  >  Bogus 

3 

14.  24.     1,50 

2,428 

21&    0.  22^54 

:f9.   11  N. 

200 

:tO  i  Dooti* 

3 

14.  31.  85^6 

2,854 

217.5fi.  5.%42 

14.  StJ  S. 

201 

S6  1  Dooti* 

3 

H.  36.  14..99 

2,692 

•il9.    3  44,80 

39,33 

27.  56  N. 

202 

7  ^  Libr* 

5 

14.  Sa  2S,fl5 

3,26S 

219.  35.  ^4,22 

49.02 

13.  lb  S. 

'MS 

8  a.  1  J.ibrs 

G 

14.  Sa  38,74 

3,209 

219.54.41,10 

49,49 

15.     B  8. 

201 

*  praec.  «  3  it 

14.  39.  38,77 

219.54.41.55 

20J 

y  » '2  /.;*»■* 

2,3 

14.  Sa  49,97 

3,289 

2ia  57.  S9,55 

49,34 

15.  12  8. 

20fi 

7  jS  Ursa;  mio. 

3 

14,  51.  27,55 

^0,329K.'2.  51.  53,19 

-494 

74.  59  N. 

207 

20  y  Scorpii 

3 

14.  52.  24,35 

3,482  223.    6.    5,22 

52,^ 

B4.  29  S. 

208 

+2  |3  Bootia 

3 

14.  54.  24,99 

2,262  223.  36.  U.M 

33,93 

41.  11  K 

'209 

4-3  J-  Boutii 

5 

J  4.  55.  52,50 

2,5M)  223.  58.    7,57 

38,70 

97.  44  N. 

210  27  j3  Libra 

2.3 

15.     6.  15,ei 

3,215  226.33.51,21 

48,22 

8.  38  S. 
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ZACITs  CATALOGUE  OF  THE  PRINTIPAL  STARS. 


1 

R!gh< 

Annuil 

Right 

Anntul 

Nomb. 

Kimci 

VniM. 

Aic(ni>oa 

Variat. 

of 

and  Placfi 

1 

in  Time. 

+ 

in    DcKKCS. 

+ 

St«i 

of  the  Stirt 

3 

H.      M.      S. 

s. 

^ 

D.      M. 

SU 

49  i  Bootis 

15.    7.  26.(i'2 

2,409^226.  51.  39,28 

36,13 

34.     4  N. 

'212 

1  nCoroiiBor. 

6 

15.  11.  51,97 

y,1S7  227.  57.  59,56 

37,30 

30.  21  N. 

SI3 

2  T  Coron.  Bor 

5 

15.  14.  56,(15 

2,4/i5  228.  44.    (),73 

.'i6,97 

31.     1  N. 

214 

SSCoron.  Bor. 

4 

15.  19.  34.88 

2,483  22».  53.  43,13 

37,24 

29.  48  N. 

215 

l3y2Ur6«min 

2,3 

15.  21.  .]J,76 

-0.20B2aO.  I7.SC^9 

-3,14 

72.  33  N. 

216 

35  f  4  Libra 

38  y  Libra- 

4 

15.  21.  38,42 

3,365  23a  24.  36,26 

50,48 

1&  10  S. 

217 

3,4 

IS.  24.  21,22 

3.328  231.    5.  18,34 

49,92 

14.     7  S. 

218 

13  i  Setjeniis 

5Cm«/t 

3 

15.  25.  15,84 

2,861  231.  la  57,61 

46,91 

11.  13  N. 

219 

2 

15.  26.  13,29 

2,543  231.  33.  19,36 

38,15 

27.  24  N. 

220 

43  X  Ubrx 

4 

IS.  30.  27,12 

3,438 

232.  36.  46,77 

51,49 

19.     1  S. 

221 

24  a  Serpenl'u 

2 

15.  34.  25,21 

2,936 

233.  36.  18,0n 

44,04 

7.    4N. 

222 

♦  set],  a  Serijem 
28  ^  Serpentw 

15.  S6.  23,53 

234.    5.  53,05 

^23 

3 

15.  36.  57,70 

2,756 

234.  14.  25,47 

41,34 

16.    4N. 

22t 

32 f^  Serpcnris 

4 

15.  39.  10,30 

3,02s 

234.  47.  34,55 

4.5.35 

3.  48  S. 

22S 

37  .  ScTJenti* 

3,4 

Id.  4a  60,97 

2,969 

235.  12.  44,51 

44.54 

5.     6  N. 

526 

10  i  Coron.  Bor 

4 

IS.  41.  12,4J! 

2.615 

235.  18.    6,71 

37,73 

26.  42  N. 

227 

*5  V  Libra; 

4 

15.  41.  44,86 

3,457 

235.  26.  12,93 

51,86 

I9L  33  S. 

228 

5  {  Scorpii 

3> 

15.  4*.  98,34 

3,671 

236.    8.  20,06 

5,5,06 

28.  37  S. 

■Sl'9 

6  IT  Scorpii 

3 

15.  46-  46,43 

3,600 

236.  41.  36,48 

54,00 

25.  31  S. 

230 

48  4.  Libnc 

4 

15.  47.     0,91 

3,839 

236.  45.  13,63 

50,09 

13.  41  S. 

231 

41  y  Scrpenli! 

3 

l.'i.  47.  12,93 

2,740 

236.48.  13,98 

41,10 

16.  21  N. 

232 

7  0  Scorpii 

3 

15.  48.  31,89 

3,521 

2J7.    7.  58,38 

52,82 

1%     2  S. 

S33 

JS I  Coron.  Bor 

4^5 

15.  49.  18,54 

2,483 

237-  19.  3.S,04 

37.24 

i1.  28  N. 

234 

44n-8eT>en!ia 

4 

15.  5:1.  4J,18 

2,576 

238.25.  17,72 

38,64 

23.  21  N. 

2S5 

8^8coipii 

2 

15.  53.  49,71 

3,4C5 

238.  27.  25,65 

51,97 

19.  15  S. 

236 

JSSDraconis 

3,4 

15.  58.     8,28 

U42 

239.  32.    4,27 

17,13 

59.    6  N. 

237 

14  .  Scoipii 

♦ 

16.     0.  2:1,31 

3,465 

240.    5.  4!],60 

.61,96 

18.  56  S. 

238 

1  t  Uuhiuchi 

3 

16.     3.  52,80 

3,132 

240.58.  11,95 

46.98 

3.  10  S. 

239 

2>0])hiuchi 

3.4 

16.     7-  45.09 

3.154 

241.  56.  16,3! 

47,30 

4.  12  S. 

240 

20y  llertulis 

3 

16.  13.     5,83 

2,6-12 

atS.  16.  27/H 

39,63  |19.  38  K    | 

241 

21  Antarrs 

1 

16.  17.     9.69 

Zfi\5 

■-Mi-.  17.  95.35 

54,68  125.  58  S. 

242 

•  a  Scorpii 

16.  19.     6,fi6 

244.  4G.  39.90 

243 

8  9  Ophiuchi 

4,5 

16.  19.  43,03 

3.418 

244.  55.  45,12 

51,27  i|l6.  10  S. 

244 

i4.>I>raco[ii« 

3.4 

16.  21.  18,.33 

0.785 

-245.  19.  31.92 

ir.78'61.  58  N.    1 

245 

273Herc«li, 

3 

16.  21.  37,87 

2,579 

245.  2k  23.08 

38,68  21.  r£  N     .' 
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ziBbtf.'ckTiiOGtiE  6t  •HHE'Pftmtfl'AL  STABS. 


''««„■„'      ■■ 

!■ 

1 

AODDtl 

Vuiit. 

HJahc 

VwUt. 

DcjlluiiM. 

1  "^ 

Li'vu^.  ■ 

f 

in  Time 

+ 

"P*^ 

+ 

\ 

gt  ih.  5i«i, 

H.      M.      S. 

s. 

D.   M.      >. 
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\9  Piscium 

5,6 
5 

23. 

36, 

10,88 

3,062 

354. 

2.43,18 

45,93 

2. 

23  N. 

376 

■ 
28  V  Piscium 

23. 

49. 

2,88 

3,061 

557. 

15.  43,16 

45,92 

5. 

46  N. 

377    *pr»c.«Aiiclrom 

23. 

55. 

45,47 

358. 

56.  22,05 

1 

378 

•praecaAudrom 

23. 

56. 

15,28 

3,060 

359. 

3.  49,19 

45,90 

379 

21  a  Andromeda 

t 

23. 

58. 

4,32 

3,065 

359. 

31.    4,95 

45,97 

27. 

59  N. 

380 

♦  seq.  a  Androm. 

0. 

1. 

32,98 

0. 

23.  14,70 

381 

1.    - 

11/9  Cussiopeiae 

2,3 

23. 

58. 

34,32 

3,051 

359. 

S8.3V,75 

45,7^ 

58. 

3N. 

1 
1 

1 

i 
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M.    ZACn\(f^4^QQiiW )  tJI"  .ffHE  .laDBGETOATIONS  OP /$HE 
PRil^ClPAL  STARS,  W^TS^'.TttfiHt  > ANNUAL  VARIATIONS. 


r 


of 
Start.- 


1 
S 

>     4 
5 

6 

8 
9 

ylO 


11 

18 
13 
14 
15 


16 
17 
18 
19 
30 


21 
22 
23 
24 
25 


26 

27 
28 
29t 
SO 


i«    »iiii  <■ 


81 

.33   • 
S4 
J    35 


Kames  and  Pbcea 
of  the  Stan. 


Polaris 

Polaris 
n   Ursaemajom 
«  Pernci 
ft    Urne  majorit 


J'  Persaci 
Cajulk 
»  Cygni 
»  Ctfgni' 
P  Bootis 


a  Lynk 

^  Herculia 
Castor' 
Cosier  ' 


Polinx, 
P  *rauri 
/8  Jn7i«nr  . 
c  Boods 
a  Andtomedae 


a  '^ndtomedit 
P  Cygni 
Gemma 

/u,  Juconis 


P  Pegafiti 

e  GerainoTum 

f  Qemiifontm 

$  Herculia 

c  X-eoois 


^  Lconis 
AlcioBc 
filectra 
Atlas 
Propus 


•MBK 


Declination 
for  the  Year  x8oa 


D.    M.      S. 


88.  14.  25  N. 

88.  14^  26  N. 

50.  19.     4  N. 

49.  8.  10  N. 

48.  49.     9  N. 


47.  8.  14  N. 
45.  46.  50  N. 
44.  34.  20  N. 
44.  34.  19  N. 
41.  11.  11  N. 


38.  36.  15  N. 
38.  36.  10  N.  :* 
32.  58.  19  N.  : 
32.  18.  54N-.^ 
32.  IBi^id^^R   > 


Annual 

I 

Variation. 


■I 


} 


} 


.28.  29.'  47  N. 
28.  25.  25  N. 
28.  25.  30  N. 
27.  b5,  32  N. 
27.  59.  15  N- 


27.  59.  11  N. 

e^7.  32.  51  N. 

27.  23.  48  N. 

27.  23.  ^^9  N. 

26.  56.  37  N. 


*2.<^.  59.  58  N. 

25.  13.  53  H. 

25.  18.  bQ  N. 

25.     5.  4  N. 

24.  41.  17  N. 


24.  24.  27  N. 

23.  28.  34  N. 

23.  28.  27  N. 

2fJ.  2J.  54  N. 

23.  15.  40  N. 


7 


s. 


-I- 19^57  I 

~1S,20  I 

-h  13,59  : 
— 18i2l 


j +101^35  1 
+  «09 

'  4  12;52  ■ 

—14,54 


+  ^59 

—  7^40 

—  i5,95 


—  7,46 

+  4,08 

—15,59 

+  20,25 

rf  7,04 
^12,50 
—16,46 


+  19,21 

—  2,72 

—  ^B^ 
—16,10 


— 17>56 
+  11,88 
+  12,04 
+ 1 1,74 
+  0,75 


(     SIS     ) 


ZACH's  CATALOGUE  OF  THE  DECLINATIONS  OF  THE 

PRINCIPAL  STARS.  - 


1 

• 

Declination 

Annual 

NumK 

Names  and  Piacea 

for  the  Year  i8oo. 

Variation. 

of 
Stan. 

of  the  Stars. 

• 

D. 

M*     S. 

s. 

S6 

T  Pegasi 

22. 

38.  51   N. 

+  19,57 

87 

fA  Geminorum 

22. 

36.   12  N. 

—  0,89 

38 

n   Geminorum 

22 

82.  59  N. 

—  0,19 

39 

n    Geminorum 

22. 

33.     5  N. 

—  0,19 

40 

a  Anetis 

22. 

30.  37  N. 

} 

4-17^5 

41 

a  jlrUtis 

22. 

30.  40  N. 

42 

d  Geminorom 

22. 

20.  19  N. 

—  5,83 

43 

y  Cancri 

22. 

10.  43  N. 

—12,28 

44 

fA  Cancri 

22. 

9.     9  N. 

—  9,67 

45 

/3  HercuKt 

21. 

56,    2  N. 

—  8^ 

46 

I   Leonis 

21. 

37.     1  N. 

—  19,43 

47 

{   Tauri 

21. 

0.  32  N. 

-h  3,05 

48     ■ 

y  LeoDis 

20. 

50.  54  N. 

—17,72    • 

49 

I  Geminorum 

20. 

51.     0  N. 

} 

—  4^48 

50 

\   Geadncruni 

20. 

51.     5  N. 

51 

9    Geminorum 

"20. 

19.  34  N. 

—  1,44 

52 

■  Arctunu 

20. 

13.  45  N. 

—19,10 

53 

Arciurus 

20. 

13.  45  R 

^19,10    i 

54 

y  HercuKs 

19. 

37.  52  N; 

—  9,05  ; 

55 

11   Boatis 

19. 

24.  19  N. 

—18*00    i 

56 

^  Cancri 

18. 

52.  52  N. 

—12,40      : 

57 

e   Pegasi 

18 

57.   14  N. 

+  14»&1 

5S 

fi  Anetis 

18. 

49.  30  N» 

+  18,03 

59 

y  Arieds 

18. 

18.  29  N. 

+  18,09 

60 

^    Sagittx 

18. 

3.   15  N. 

+  7,73 

61 

f)    Leonis 

17. 

43.  57  N. 

—17,18 

62 

a  Sagittae 

17. 

33.  48  N. 

+  7,73 

63 

M  Tauri 

17. 

3.  38  N. 

+  *19 

64 

$  Leonis 

16. 

31.  13  N. 

—19,43 

65 

y  Geminorum 

16. 

83.  27  N. 

} 

—  2,22 

66 

y  Geminorwn 

16. 

33.  28  N. 

67 

y  Sepentis 

16. 

19.  40  N. 

—11,01 

68 

P  Sernentis 
Aloebaran 

16 

3    21   N. 

—11,75 

69 

16. 

5.  43  N. 

} 

+  8,16 

70 

Aldeharan 

16. 

5.  45  N. 

C     "6    ) 


ZACH'6  CATALOGUE  OF  THE  D^INATIONS  OF  THE 
PROJCIPAL  STARS. 


Decliajlum 

AoDual 

Numb. 

Htmu  ilul  Ptacei 

for  Iht  Vai  iSoft 

TubtioiL 

of 

of  rfitStmi, 

Sure. 

S.    M.    fi. 

& 

71 

0  Lrami 

15.  41.  30  N. 

{ 

—19,96 

7a 

0  Ltofii, 

15.  41.  27  N. 

7S 

y   Deiphioi 

15,  24   40  N. 

+  12,68 

7* 

3  Ddphini 

15.  12,  48  N. 

+  12,21 

75 

y  Tauri 

IS.     8.     1   N. 

+  9,42 

76 

I  Bootis 

14.  35.  34  N. 

— 15,&5 

77 

I  Herruli. 

14.  37.  38  N. 

-  v:s 

78 

..  PegMi 

14.    7.  49  N. 

+  19,22 

79 

.  P.gau 

14.     7.  57  N. 

+  19,22 

80 

yPeg«i 

14.     4.  16  N. 

} 

+20,M 

81 

y  P,ga,i 

14.     4.  IS  N. 

82 

|S  Delphi« 

13.  54.  31  N. 

+  12,05 

83 

f    Aquil. 

13.  34-  32  N. 

+  «,83 

84 

Regulo* 

12.  56.  23  N. 

i 

-I7,2t 

85 

ii.^/« 

12.  56.  20  R 

86 

o  Cincri 

t2.  37.  SO  N. 

—13,18 

87 
88 

a  Ouhiuc>u. 

12.  42.  55  N. 

12.  43.     7  N. 

} 

—  3,05 

89 

.      VttffTM 

12.     2.  11   N. 

—  19,5* 

90 

i    ScrpcDci* 

11.   12.  56  N. 

-12,57 

91 

s    Lconii 

10.  47.   40  N. 

—15,9* 

92 

•    Ddphini 

10.  37.  .50  N. 

+  11,73 

9S 

{    Leon  is 

10,  19.  52  N. 

—18,2* 

^ 

I^H' 

10.     8.     6  N. 
10.     8.  10  N. 

I 

+  8,17 

1^ 

8.  57.  43  N. 

+  16,10 

8.  40.  51  N. 

—  6,51 

^^^^1 

^^^^^^^[^ 

8.  20.  58  N. 

h 

^^ 

^^^^1 

^^^^k' 

a  20.  48  N. 

^gUl 

^^H 

■l 

7.  21.  27  N. 

i 

i 

^^^1 

r  21.  «7  N. 

^^^^1 

t ».    8.  87  N 

J 

^^^^1 

^^^^^^^^^^H 

K  '.    3.  55  N. 

I 

^^^t, 

^^^^1 

^^^^^^^^^^H 

E?-     3.  50  N.  i 

I 

^^^E 

^^^1 

^^^^^^^^1 

it^SSKj 

1 

B' 

(   s\i   ) 


ZACH's  CATALOGUE  OF  THE  DECLINATIONS  OF  THE 

raiNjtljIpAillsTJ^?.,'"  '■•''■-•''■ 


Numb. 

at 
Sun. 

Niiuci  and  Plioei 
of  iht  Su/t 

fur  the  Yen  iSoo. 

AMud 
VarlMioo. 

b.    h.     t. 

S. 

106 
107 
108 
109 
110 

iSAqml* 

8  AquiU 
Procucn 

B  Ophiuchi 
S  Virginii 

5.  55.     4  N. 
5.  55.  19  N. 
5.  44.   1 1  N. 
4.  39   41  N. 
4.  29.  13  N. 

1      +   8,86 

-  7,51 

—  2,35 
—19,66 

111 
112 
113 
IH 
115 

9  SerpentM 

a  Cell 

SVirgitii. 
8  Firginit 

9.  57.  12  N. 
S.  17.  49  N. 
3.  18.     ON. 
2.  53.  35  N. 
2.  53.  38  N. 

+  3,97 
}     +14,70 

i     -19,97 

116 
117 
118 
119 
120 

y  Ophiuchi 

S  AquUsc 
yCeti 
a  Pisciuin 
71  Antiooi 

2.  47.  42  N. 
2.  43.  36  N. 
2.  23.   17  N. 
1.  47.  40  R 
0.  30.  12  N. 

-  1,97 
+  6,44 
+  15,77 
+  17,73 
+  8,61 

121 
122 
123 
124 
125 

5  Ononis 

y  Virginia 
3  Cell 

0.  27.  17  N, 
0.  25.  48  N. 
0,     S    18  S. 
0.  21.     +S. 
0.  32.  18  S. 

—  3,33 
—18,72 
-15.86 
+  19,86 
-15,97 

126 
127 
128 
129 
130 

n  Aquarii 

1  Ononis 
9  Antinoi 
^  Ononis 

1.  17.     7S. 
1.  17.     7  S. 
1.  24,  12  S. 
1.  24.   10  S. 
2      3.  33  S. 

[      -17,15 

-  3,02 
—10,05 

-  2,60 

131 
132 
133 
13* 
135 

y  Aquarii 
J  Ophiuchi 
^  Seipentia 
.  Ophiuchi 

2.  23.  31  5. 
S.  10.     8S. 

3.  39.  32  S, 

4.  11.  37  S. 
4.  28,     4S. 

—17,81 
+  9,77 
—  0,93 
+  9,47 
+  19,39 

136 
137 
138 
139 
140 

^Eridani 
,  Orionii 

9  Aquaru 
.Hydra: 

5.  21.  16  S. 

6.  3.     OS. 

6.  26.  37  8. 

7.  7.  25  S. 
7    47.  56  S. 

—  5.41 

—  3.04 
—15,89 
—19,4* 
+  15,21 

(     SIB     ) 


ZACH's  CATALOGUE  OF  .TWE  DECLINATIONS  OF  THE 
''     ''■  ■  '  PllINQIPAt  SXAR5. 


Numb, 
of 

t    Start. 

• 

Namct  fnd  Placet 
of  tlieSurt. 

Declination 
for  the  Year  i8oa 

Annual 
Variation. 

* 

D.     M.     8. 

8. 

141 
142 
148 
144 
145 

iCtgfl 

\  A^uarii 
a  ^ica 

7.  47.-5SS/ 

8.  26.  S5  S. 
8.  38.  14  S. 
8.  88.  29  S. 

10.     6.  46  S. 

+  15^1 
—  4»81 
+  13^2 
—18,89 

}      +19,01 

+  8/>2 
—11^ 
+  15,71 
+  17/)l 

146 
147 
148 
149 
150 

ShUm 
I  Ophhichi 
I  Eridani 

^tOti 

X  Virgnut 

10.    6.  45  S. 
10.    9.     1  S. 

10.  27.    5  S. 

11.  22.  48  S. 
12   26.  26  S. 

151 
152 
158 
154 
155 

1«  Capricorai 
1«  Cupricomi 
2  a,  Capricorni 
2»  CahrU9rni 
y  Libne 

13.  6.  58  S. 
IS.    7.     OS. 
LS.    9.  15  8. 
IS.    9.  ITS. 

14.  6   42  S. 

J.     —10,47 

—10,50 
+  1463 

156 
157 
158 
159 
160 

y  Eridani 
a  Librae 
a  Librs 
i  Conri 
P  Capricorni 

14.  5.     S  S. 

15.  12.     OS. 
15.  12.     OS.     ' 
15.  24.     5  S. 
15.  24.  10  S. 

—10,90 

1      +15,40 

+  19^8 
—10,71 

161 
162 
163 
164 
165 

y  Canis  majorit 
ti  Ophiuchi 
«   Aquarii 
y  Corvi 
Sirius 

15.  21.     6  8. 
15.  27.  58  8. 

15.  48.  54  S. 
16    25.  47  S. 

16.  27.     7S. 

+  4,69 
-f-  .5,83 
—17,14 
+  20,04 

}      +  4,33 

—18,85 
—16,19 
+  19,11 
—15,82 

166 
167 
168 
169 
170 

Strius 

^  Aquarii 

•  ^  Capricorn! 

a  Crateris 

y  Capricorni 

16.  27.     5  S. 

16.  52.  59  S. 

17.  1.  38  S. 
17.  14.  11  S. 
17.  33.  22  S. 

171 
172 
173 
174 
175 

1  Capricorni 
/9  Canis  majoris 
a  Lcporis 
S  Capricorni 
V  Scorpii 

17.  39.  58  S. 
17.  51.  55  S. 

17.  58.  22  S. 

18.  1.     3  8. 
18.  55.  46  S. 

—14,97 
+   1,18 
—  3,18 
—13,81 
+ 10,03 

(     519     ) 


ZACH's  CATALOGUE  OF  TflfE  DECLINATIONS  OF  THE 

PRlNCfPAL  STARS. 


Numb. 

of 
Start. 


176 
177 

178 
179 
180 


181 
132 
183 
18i 
185 


186 
187 
188 
189 
190 


191 
192 
193 
194 
195 


Names  and  Placet 
of  the  Sun, 


Declination 
fbr  the  Year  i8oo. 


Annual 
Variation. 


D.      M. 


13  Ceti 
/S  Scorpii 
fjL  Sagittarii 
v  Sagittarii 
«    Corvi 


$  Scorpii 
o  Sagittarii 
/S  Corvi 
y  Leporis 
a  Corvi 


y  Scorpii 
d  Ophiuchi 
(T  Scorpii 
V  Scorpii 
Antares 


J  9.  5.  9  S. 
19.  14.  46  S. 
il.  5.  50  S. 
21.  19.  45  S. 
2L  .30.  32  S. 


,- 


22.  2.  30  S. 

22.  1.  21  S. 

22.  17.  17  S. 

22.  31.  15  S. 

23.  36.  50S. 


—  19,84 
+  10,52 

—  0,09 

—  4,95 
-f- 20,05 


+  I0,9i 

—  4;5l 
+  19,94 

—  2,11 
+  20,04 


jftttares 
^  Canis  majorts 
f  Canis  majoris 
^  Cabis  majoris 

Fomalhaut 


24. 
24. 
25. 
25. 
25. 


29. 

47. 

6. 

31. 


10  S. 

17  S. 

88. 

36  S. 


58.  38  S. 


25.  58.  23  S.- 

26.  5.  10  S. 
2^.  42.  29  S.   . 

29.  58.  50  8.:. 

30.  40.  38  Sc 


} 


-f  14,67 
+  4,43 
-f  9,88 
4-  11,06 

+    8,75 

+    5,18 
+    4,38- 
+    1,07 
— .  19,01 


In  these  two  Catalogue^  the  right  aaceDsions  anddecHnadoqs  of  the 
stars  denoted  by  Italic  characters,  viere  taken  from  X)r.  Maskelyke's 
Catalogue  of  fundamental  stars ;  by  a  comparison  with  which,  M.  de 
Zacii  found  the  right  ascensions  of  the  other  stars,  as  given  in  the 
first  Catalogue,  by  a  transit  instrument  eight  feet  long,  made  by  Mr. 
Ramsden.  In  the  second  Catalogue,  the  declinations  of  the  stars 
wluch  were  not  taken  from  Dr.  Maskblyne's  Catalogue,  were  com- 
puted from  observations  made  by  M«  Cassinj  <it  Paris,  from  1778  to 
1790,  by  a  ouadrant  of  six  feet  radius.  The  variations  in  right  ascen- 
sion and  di  clinatioh  were  taken  from  Mr.  Wollaston's  Catalogue, 
except  those  of  jftxturui  and  SiritUj  to  which  are  added  their  proper 
motions  in  declination,  as  determined  by  Dr.  Maskelyke. 


(    sm   ) 


T0BIA8iiMA5EH'*i  CATALOGUE  OF  TtM>  KMMCIPAL  STARS, 

FOK   THE   BEOINNDIO   OF    1790; 


1 

g 

Bisht 

Annua 

Right 

Annul 

Honh   poUr 

Annual 

Numb 
of 

Nimci 

1 

AKflUiOB 

in  Dcgiccb 

Prtc. 

Ajceniion 
in  Time. 

Pttect. 

Di.tM«. 

P-««. 

SlMl. 

of  it»  Sun. 

' 

D.       «.       ,. 

.. 

H.      „.    ..      1    . 

D.       U.       8. 

s. 

!l 

yPegMi 

2 

0.  36.  35 

46,07 

0.     2.  26,3  !  3,071 

75.  59.     0 

—20,04 

!2 

Pi/^ium 

7 

J.     2.  41 

46,07 

0.     4.  10.7  1  3,071 

82.  20,  44 

—20,04 

la 

7 

1.  27.     1 

4,1.08 

0.     5.  48  I    1  3,07'2 

82   50.  32 

—20.04 

14. 

8 

1.  28.  98 

M.03 

0.     .5.  54,5  1  3.069 

89    18,  59 

—20,04 

;* 

7 

1.  45.  90 

46,03 

0.     7.     1,3     3,069 

89-  28.  46 

—20,04 

6 

dPiidura 

6 

2.  27.  10 

46.12 

a     9.  48.7 

3,075 

82.  58    34 

-20,03 

7 

7 

3.  16.  41 

45,95 

0.   IS.     6,7 

3,063 

93.  22.  47 

—20,01 

8 

Piscium         6,7       »-  39.  48 

46,04 

0,   14.  39,2 

3,039 

S9.  13.  27 

—20,01 

9 

C«i                 7        3.  58.     3 

45,99 

0.   15.  52,2 

3,066 

91.  12    47 

—20,00 

10 

8        4.     B.  48 

46,06 

0.  16,  34,9 

3,071 

88.  21.  54 

-20.00 
—19.97 

11 

6.7 

4.  50.  10 

46.18 

0.  19.  20,7 

3,079 

84    SO.  18 

12 

Pieciiim 

6,7 

5.  23.  42 

4621 

0.  21.  34,8 

3,081 

84    12    2] 

—19,96 

13 

9 

5.  41.  19 

45,9G 

0.  22.  45,3 

3,064 

91.  45.  57 

—19,95 

14 

6.7 

6.  ]|.  40 

45,96 

0.  26.  46.7 

3,064 

91.  S9.  32 

— 19.9S 

15 

le 

7,8 

6.  50.  21 

45,95 

0.  27.  21,4 

AJ063 

91.  39-  30 

—19.91 

6 

7.  SO.  27 

45,77 

0    30.     1,8 

3.051 

9.5    SO    37 

—19,88 

17 

8 

8.  S5.  33 

45,97 

0,  34,  22.2 

3,065 

90.  53.  38 

-1.9,82 

18 

6 

9.     8.  17 

46,3;i 

0.  3fi.  3.S,1 

3,089 

84.  24.  23 

-19,79 

19 

6,7 

9.  20.  25 

46,26 

0.  37.  21,6 

3.084 

85.  47.  26 

—  19,78 

20 

7.8 

9.  20.  58 

46.37 

0.  37.  23,9 

3,091 

83.  5a  57 

—19,78 

21 

i  I'isciura 

4 

9.  27.     G 

46,391 

0.  37.  48,4 

3  093 

S3.  S3,  33 

-19.77 

22 

7,8 

10.     7.  42 

4fi.I6 

0.  40.  30,7 

3  077 

87.  45.  16 

—19,73 

23 

6 

10,  S4.  25 

45,87 

0.  42.   17,7 

3,058 

92.   17.  10 

—  19.71 

24 

10.  37.  59 

46,21 

0.  42.  31,9 

3  081 

87.     3.  16 

—19.70 

25 

8.9 

11.     S.  *9 

46,40 

0.  44,  27.2 

3.093 

84.  17.  10 

—19.67 

2G 

7 

11.   1 7.  20 

46,92 

0.  45.     9,3 

3,128 

77.  11.  18 

—  19,66 

27 

7 

11.  43.  40 

46,93 

0.  46.  54,7 

3.12Jil 

77.  26.  31 

—  19,63 

2S 

7,8 

II.  51.  43 

46.43 

0.  47.  27,0 

3,095 

84.  17.  S8 

—19,62 

29 

7 

12.  14.  27 

46,42 

0.  48.  57,8 

3.095 

84,  39.     9 

— 19..59 

30 

.  PUeium 

4 

13.     I.     1 

46,55 

0.  52.     4,1 

3,103 

83.   14.  34 

—19.53 

31 

8 

13    13.  35 

46.47 

0,  52.  54,3 

3.098 

84.  21.  53 

—19.51 

32 

Piscium 

7,8 

13.  m.  13 

46,39 

0.  54.     0,9 

3.093 

85.  28.  19 

—19,49 

33 

7.8     l"!.  41-  43 

46,33 

0.  54.  58,8 

3,089  1 

86.  12.  41 

—  19.47 

31. 

8       14.  21,     8 

46,79 

0.  57.  24,5 

3,119 

fil.    13.     0 

—19,42 

sr. 

c  Pisdiim           5       14    23.  4:J 

4fi,42     0,  57.  34,9  | 

3,<«=| 

85.  27.  45 

-19,42 

(     521     ) 


MAYER»g  CATALOGUE  OF  THE  PRINCIPAL  STAIUL 


V  <  ••■ 


Numb. 

Names 

(J9 

...i^gfct 

Asoension... 

.  Annual 
Variat. 

Right 
Ascension 

Annual 
Variat. 

North  polar 

Annual 

of 

and  Places 

3 

in  Degrees. 

4- 

in  Time. 

+ 

Distance. 

Preces. 

Sttfi. 

of  the  Stars. 

1 

8 

D.     M.     & 

.S.     ' 

U.     M. 

s. 

8. 

D. 

M. 

s. 

8. 

S6 

14.  58.  40 

46,79 

0,  59. 

54,7   3,119 

81. 

^v. 

22 

—  19,37 

87    > 

1 

7,8 

15.     7.  83 

4€:,86 

1..   0. 

30,2  3,124 

80. 

49. 

38 

—  19,36 

P8 

1.  f  Pisciuin 

6 

15.  41.  42 

46,63 

1-     2. 

46,8 ,  3,109 

88. 

32. 

17 

—  19,30 

89 

2.  ^Pisdum 

7 

15.  42.     4 

46,68 

1.     2. 

48*3 

3,109 

83. 

32. 

4 

—  19,30 

40 

f  Piscium 

6 
8,9 

16.  44.  49 

46,27 

1.    6. 

59^3 

3,085 

87. 

29. 

40 

—  19,20 

41 

17.     8.  16 

46,24 

1.     8. 

33,1 

3,083 

87. 

48. 

57 

—  19,16 

42    . 

6 

17.  16.  23 

45,85 

1.     9. 

5^  \  Sfi57 

91. 

36. 

54 

—  19,14 

43 

7 

17.  57.  22 

46,09 

1.  11. 

49,5 '  3,073 

89. 

22. 

22 

—  19,07 

44 

8 

17.  58.     6 

46,41 

1.  11. 

52,4 ;  3,094 

86. 

21. 

50 

—  19,07 

45 

7.8 

17.  59.  52 

46,71 

1.  11. 

59,5   3,114 

83. 

41. 

53 

.—  19,07 

46 

^  Piscium 

5 

18.  44.  24 

48,12 

1.   14. 

57,6  3,208 

71. 

55. 

29 

—  18,99 

47 

5 

18.  50.  34 

48,14 

1.  15. 

22,2  3,209 

71. 

51. 

6 

— 18,98 

48 

7 

19.  16.  53 

47,92 

1.  17. 

7,5  8,195 

74. 

0. 

43 

—  18,93 

49 

fM,  Piscium 

5 

19.  47.  53 

46,62 

1.  19. 

11,5  3,108 

84. 

56. 

31 

— 18,86 

50 

Yi  Piscium 

4^ 
7^ 

20.     4.     0 

47,77 

1.  20. 

16,0 

3,185 

75. 

44. 

27 

18,83 

51 

20.     9.  30 

47,21 

1.  20. 

38,0   3,147 

80. 

11. 

51 

—  18,82 

52 

7,8 

20.  34.  4^ 

46,90 

1.  22. 

19,1    3,127 

82. 

52. 

21 

—  18,77 

53 

8 

20.  58.  21 

46,93 

1.  23. 

53,4   3,129 

82.  48. 

17 

— 18,72 

54 

r  Piscium 

5,4 

2h  29.  51 

47,46 

1.  2.5. 

59,4   3,164 

7S. 

56. 

15 

—  18,66 

55 

t 

8,9 

21.  37.  50 

47,46 

1.  26. 

31,3:3,164 

75. 

59. 

50 

—  18,64 

56 

7.8 

22.  23.     9 

47,05 

1.  29. 

32,6 

3,037 

82. 

18. 

32 

— 18,54 

51 

9 

22.  35.  47 

47,10 

1.  80. 

23,1 

3,140 

81. 

59. 

40 

—  18,51 

58 

»  Piscium 

5 

22.  S7.  r/> 

46,62 

1.  30. 

31,5 

3,108 

85. 

34. 

46 

18,51 

59 

0  Piscicun 

5 

23.  34.  53 

47,16 

1.  34. 

19,5 

3,144 

81. 

54. 

15 

—  18,38 

60 

8^ 

7,8 

24.     0.  25 

47,43 

1.  36. 

1,7 

8,162 

80. 

12.  42 

—  18,32 

61 

24.  56.  13 

47,51 

1.  39. 

44,9 

3,167 

80. 

0. 

5 

—  18,18 

62 

1.  y  Arietis 

4 

2.5.  80.  27 

48.87 

1     1.  42. 

1,5 

8,258 

71. 

44. 

19 

— 18,09 

63 

2.  y  Arietis 

25.  30.  29 

48,87 

1.  42. 

1,9 

8,258 

71. 

44. 

28 

—  18,09 

6^1. 

fi  Arietis 

S 

^^5.  45.  54 

49,15 

1.  43. 

3,6 

3,277 

70. 

13. 

24 

—  18,06 

65 

i  Anetis 

5 

8 

26.  28.  27 

48,71 

'     1.  45. 

53,8 

3,247 

73. 

12. 

49 

—  17,95 

66 

27.     3.     9 

47,84 

1.  48. 

12,6 

3,189 

78. 

43. 

47 

—  17,85 

67 

y  Andromede 

2 

27.  45.  5.5 

54,23 

1.  51. 

3,7 

3,615 

48. 

41. 

7 

— 17,74 

68 

a  Pisciun 

8 

27.  48.    4 

46,30 

1.  51. 

12,3 

3,087 

88. 

15. 

21 

—  17,73 

69 

X  Arietis 

6 

28.  42.-  36 

49,84 

1.  54. 

50,4 

3,323 

68. 

21. 

S3 

— 17,58 

,0 

»  Arietis 

2 

28.  50.  21 

50,02 

1.  55. 

21,4 

3,335 

67. 

1 

32. 

11 

—  17,56 

VOL.   II. 
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ITAVERVCATAUaGUI  OF  THE  PKINCIKAL  KTABft 


1 

RiSht 

Anrnul' 

Righ. 

Annuil 

l?«w^ 

MmM 

; 

Viriil. 

AsctniioD 

Vuiit. 

Nottbpolu 

of 

Diamtb 

PncM> 

,    inilPlim'-' 

uiDrtnet. 

+ 

+ 

Sun. 

^o(  the  Sun. 

f 

D.    M.     8. 

s.        I 

H,      M.      8. 

s. 

D.      M.      S. 

«. 

i   n 

Pilriiini 

8 

29.    3.  56 

49.00 

1.  56.  15.7 

3,267 

79.  58.  36 

— 17.*9 

1      72 

1     ■ 

7 

Cy.  4ft.     3 

49.35  1 

I.  59.     0,2 

5,290 

71.  29.  47 

f  (7,40 

73 

9 

2(|.  54.  15 

49,73 

1.  59.  37,0 

5,315 

69.  37.  12 

■  ■  ,74 

n  AriPtis 

30.  15.  49 

49-74 

2.      1.     3,3 

8,3 16 

Cy.  47.    0; 

;  76 

J.iCtii      " 

30.  28j  29 

47,49 

2.     1.  5»,9' 

3,161 

82.     8.  ^1 

— 17,28 

76 

Arieiis 

31.  24.  17 

45,68 

2.     5.  37,1 

3,245 

75,-  49.  46 

—17.11 

,  '77 

1.6Arieti9 

31.  3().  58 

^,62 

e.     6.  27.9 

3,308 

7l.     4.  41 

—17,0a 

\'-m' 

32.  !7.     3 

45,03 

;*?>,  ,a- .  »,a 

3,002 

95.    IS.  58 

—16,95 

:*'r9 

E  ArieliB 

33.  23.  47 

47,90 

2.   13.  36,1 

3.193 

80,   20.   53 

-16,74 

\^-m- 

S.fCrti 

34.  15.  18 

47,51 

2.  17.     1,2 

3,167 

8-2.  29.   18 

—16,57 

'  -flh 

7.8 

34.  43.   13 

49,93 

2.  18.  S2,<» 

3,329 

71.    a.    5 

-~l6.4fi 

I '-  sa 

vCeli  - 

4,5 

36.   13.   1 1 

•i(i.99 

2.  24,-.  52,7 

3,133 

85.   ip.  49 

-j-D6,!ia 
-\-lSf)7  ■ 

1    '  83 

t  ArielUi 

G 

S(i.   43.  46 

50,fi3 

a.  26.  55,1 

'3,375 

68.  67.  is: 

,      S4.-  - 

JCeti 
I  Arietli 

37.   M.  10 

45,90 

8.  3*.  44,6  ' 

3,oiio 

SO..,33i     31 
?0.  ifiS.  ?81 

1-1  i«7 

■  >85". 

6 

37.  38.   10 

so.ao 

3.  Sa  32,7 

3.3i51 

-f-Ii,B8 

-*6 

P  Arietis- 

6 

3S.  14.  i6- 

49.31 

2.  .33.   59.7 

3,281 

75.  35.     8- 

—15,75, 

87 

/I  Cell  ■■ 

4 

DS.  34.     3 

48.04 

e.  33.  3G;2 

3,203 

RO.  4ti.  S# 

—15.71 ; 

S8 

tr  Arifetis     ' 

S 

39.  S3.  .'■i3 

49.81' 

2.   37-  35.5 

3,3-21 

73.  93.     4' 

—15,49 

\-'h9 

F  Ariclis 

6 

39f  iS-  45 

49,38 

■  3.  39.  53,0 

3,2Jf5 

75.  47.  32' 

—15,37 

!-  90 

2.  (  Arielis' 

6 

41 1     0.   Qd 

50,16 

a.  44.     11,9 

3,344 

72.  ai.  32 

—15,13 

-91 

3.,Ari«,. 

41 1     8.  55 

50,10 

3.  44.  35,7 

3,340 

h-  49.  16 

—  15,10 

92 

(  Arieiifl 

A'' 

+  1,  4S.'  25 

51,01 

«.  47.   13,6 

3,401 

69.  30.  33 

—14^5 

98 

?.Ceti 

4' 

+2;  ^7.  15 

47,9a 

2.  48.  29,0 

■3.193 

81.  56.   19. 

—14^7 

9* 

»OU 

2 

42,  49-  54 

4(i'.79 

■2.  51.   I9^6 

■3,119 

S6.  44.  39 

—14,70 

95 

0  Pcrspi 

3 

43,  89.   li 

57,6a 

2.  54.  Sii,0 

'3,845 

49.  51.  55 

— 14,51 

96 

8 

44,    19.  ■t'4 

51,10 

2.  57. -(8,y 

3,407 

1  70r    2.  55 

—  14,34 

97 

7 

44.   24.   43 

50,73 

2.  3?.  3B,8 

3,332 

1  71.  2i  55 

-14^2 

98 

J  Arielis 

4 

44,  a*.  3a 

50,87 

2.  5?^.  30,1 

3,391 

!  71.     4.  42 

—  14,20 

99 

f  Arielis 

5 

45.  42.   48 

51,31 

a.   2-  51,1 

3,421 

6y.  44.  35 

—  14flU 

100 

l.r  ArietJs 

5 

47.   1().  48 

51,49 

S.     9.     7.2 

3,433 

6y.  37.  13 

—13.00 

101 

«  Pwsei^ 

47.  21.  19 

63,05 

-3.      9.   25.3 

4.203 

40.  54.     3 

-J- !  3,59 

102 

E.TAriwtis 

6 

47.  40.   20 

5l,4t 

«-   10.  4h3 

3,427 

70,     l.  11 

■^13,50 

103 

'■. 

7 

4S.     5.   15 

51.4(i 

3.   J-3.   21,0 

3,431 

6<X  57.  13 

-!-!3.3y 

104 

i  TBiiri 

4 

48.   23.     6 

48,50 

3.   13.   32,4 

3.213 

81.  43.    li 

—  13,31 

105 

i  TBun 

4 

4S.   57.   10 

48,41 

3.   15.   43.0" 

3,227 

81.     0.  37 

—  13,i6 

C.sss   ) 
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1 

Mumb. 
of 

Bon. 

1  indPlicu 
of  ihe  Slan. 

1 

s- 

AKcniion           V«iaL 

T" 

Right  ■^'^ 
Ascciiiioa  , 
ii  Timf. 

% 

North  «4^ 

'i    "■ 

1  PrWO.  , 

*-, 

II.    u.    s. 

s. 

0.      M.       S. 

.,.    1 

IQ6 

■iias 
"103 

110 

-       -1     '■ 
-!  Tbnri    . 

7 

7,8 
ti 
5 
6 

49.   17-  31 

■ig.  28.  10 

.49-   M.   18 

49.  *9.  30 

50.  18.   30 

48,N9 
50,3y 

4s,as 

49,38 

4.S,37 

50J9 
50,15 

50.58 
53,03 
52.97 

3.   17..     9,4 
3.   17.  52.7 

3.  IS.  57.2 
a.'  19.  iufi 

3.  21.  15^ 

3.259 
3.359 
3.25!> 
3,289 

-.3ja5 

79.   20.  45 
73.  5S.  21 
79.  2X  43 
177.  47-  37 
81.  2U.  47 

—13,07 
—13,03 
-12i96' 
—12.93- 
—12^ 

111 
u? 

113 
111 
1.3 

g  Pleindum 
h  PloiaduiQ 

7 
7 

6 
5 

50.  33.  2S 

51.  30.  24 
.'.1.  53.  38 

53.     5.   15 
33.     tf.   29 

3..  22.    13,6 
i.  26.      I.fi 
3.  27.  34,5 
3.  32.  21.0 

3.  32.  25,9 

3.333 
3,3i3 
3,36'7 
3,535 
3,331 

72.  5.1,. 48 

73.  16.   14 

74.  9.  21 
t>6.  Qi.  5!) 

aa.  33.  33 

-1^,74 
— 13i48 
-12.38 
—12,04 

—12,04 

117 

>      1)3 

119 

130 

e  Plejudum 
e  Picluduiu 
k  Pltiarium 
1  Plt'iadum 

7 

S 
6 

7 

7 

53.     9.  44 
53.  11.     1 
53.  30.  31 
53.  2J.  20 
53.  23.   29 

53,15 

53,10 
53,08 
5J,U 
53,14 

3.  32.  38,9 
3.  32.  44,0 
3.  33,   31,4 
3.  33.   35,3 
3.  33.  33,9 

3,543 

3, .MO 
3,539 
3,543 
3.543 

66.     2.    9 
66.  12.  J4 

Gti.  18.   a 

66.    e.  45 
66.    8.  23 

—12.02 
—12,02 
-11,97 
-11,96 
-IIJ^ 

ICI 

123 
125 

d  Pieiiidmn 
p  PleiLiduni 
.  Pieiudum 
f  Pleiadum 
b  Pleiadum 

5 
7 
3 
5 

6 

53.  28.  23 

53.  43.  32 
33    45.   23 

54.  10.  30 
54.   10,  43 

52,95 

63,03 
53,03 
53,05 

33;os 

3.  33.  53,5 
3.  34.  53,5 
3.  3i.     l,i> 
3.  36.  42,0 
3.  36.  42,9 

3, .630 
3,535 
3,535 
3,337 

3J39 

66.  43.     I 
66.  32.  41 
66.  33.  33 
66.  36.    5 
66.  31.    1 

-11,94 
—  M.SB 
-11,86 
-11,74 
—11,74 

126" 
127 
138 
129 

130 

e  Tauri 
x  Tuuri 

7,8 

f 

4 

54.   11.  3fi 

54.  13,   J5 

55.  17-  35 
56..  7.   11 
57-  16.     1 

49,03 
53,17 
50,96 
32,70 

49,56 

3.  36.  46v* 
3.  36'.  52,3 
3.  41.  10 J 
3.  4A,  2(IJ 
3.  49.^.1 

3,269 
3,545 
3,3;>7 
3,513 
3,304 

79.  30.  50 
66.  16.  22 
73.  18.  38 
68.     8.  18 
78.     6.  55 

-11,73 
—11,73 
—11,41 
—11,17, 
—10,88 

131 

133 
135 

a  Tuuri 

1  T«..ii 
I.^Taari 

[.  Tauri 

5 
7 
5 
6 
6 

58.    4.  30 
58.  IS.  47 

38,  30.  48 

39.  14.     4 
51).  31.     0 

52,72 
62,71, 
65,27 
fil..''7 

54,42 

3.  52.  l»S> 
3.  52.  5i,i 
3.  54.    Hi) 
.  3.]  56.  56,2 
3.  58.     4.0 

3,515 
3,514 
3.685 
3,465 
3,628 

68.   30,     9 
68.  34.  11 
61.  34.  50 
70.  57.  33 
64.      4.  51 

— 10,60 
—10,55 

—  10,47 

—  10.25 

—  10,18 

136 
137 

138 
139 

tJ. .  Tauri 

■/  Tauri 

Tauri 

b  Trturi 

a 

5 
3 
6,7 

61.   14.   35 
61.  5.1.  57 

61.  57.  47 

62.  2.     4 
_  62.  10.  42 

*2,43 
54.96 
50,80 
&OfiS 
,30,63 

4.     4.   58.3 
4.     7.  27.S 
4-    7.  57,i 
4.     8.     8,3 
4.     a.  42.3 

3,495  1  69.  57.     4 
3,6'j4      63.     9.  54 
3,38/  1  7*.  53.  34, 
3,354  1  76.   29.     3, 
3.373||  75^2J.-i3^. 

-  9,65 

-  9.45 

-  9,42 
-9.40 
-94ff 

(     524     ) 


MAYER'S  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


Numb. 

of 
Stars. 


141 

142 

143 

144 

145 

146 
147 
148 
149 
150 


151 
'  152 
153 
154 
155 


156 

157 
158 
159 
160 


161 
162 
163 
164 
165 


166 
167 
168 
169 
170 


171 
172 
173 
174 
175 


Names 

and  Placet 

of  the  Stars. 


c 

Cu 


X  Tauri 
l.JTauri 


2.  ^  Tauri 

3.  J  Tauri 
1.  u  Tauri 

2:  V  Tauri 


V  Tauri 
f  Tauri 
1.  S  Tauri 


2.  ^  Tauri 


Tauri 


a  Tauri 

l.«T  Tauri 
2.  <r  Tauri 
T  Tauri 


i  Tau4. 


5 

4 


5 
6 
5 


5 

7 
3,4 


5 

8 


7 

7,8 
5 
8 


n 


7 
6 
5 


7 
8 
6 

8 


Right 

Ascension 

in  Degrees. 


D.     M.    S. 


62.  16.  13 
62.  27.  17 
62.  33.  31 
62.  42.  33 
62.  50.  29 


63.  0.  3 
63.  20.  31 
63.  26.  15 
63.  35.  46 
63.  41.  16 


63.  41.  17 

63.  41.  50 

64.  5.  29 
64.  7.  36 
64.     8.  51 


64.  10.  16 
64.  29.  56 
64.  32.  38 
64  38.  18 
64.  40.   14 


64.  41.  S5 

65.  24.  32 
65,  29.  12 
65,  44.  3 
65,  51.  19 


65.  58.  15 

66,  32.  13 
66.  47.  43 

66,  49.     9 

67.  24.  53 


Annual 
Variat. 


a 


68.  SO.  25 

69.  a    9 
69.  4a  29 

7a  la   1 


S. 


50,23 
54,35 
50,31 
51,48 
51,16 


51,40 
51,65 
53,38 
50,88 
53,47 


50,58 
51,20 
52,12 
50,60 
51,02 


50,99 
52,38 
,50,95 
51,12 
50,95 


51,10 
51,20 
50,70 
51,29 
52,48 


51,30 
51,16 
51,09 
51,13 
53,72 


52,20 
52,23 
52,30 
50,68 
51,68 


Right 

Ascension 

in  Time. 


Aanual 
Variat. 

4- 


H.     M.     & 


4. 

4. 
4. 
4. 
4. 


9. 

9. 
10. 
10. 
11. 


4,9 
49,1 
14,1 
50,2 
21,9 


8. 


4.  12.  0,2 
4.  13.  22,1 
4.  13.  45,0 
4.  14.  23,1 
4.  14.  45,1 


3,349 
3,623 
3,354 
3,432 
3,411 


4. 
4. 
4. 
4. 

4. 


14. 
14. 
16. 
16. 
16. 


45,1 
47,3 
21,9 
30,4 
35,4 


4. 
4. 
4. 
4. 
4. 


16. 
17. 
18. 
18. 
18. 


41,1 

59,7 
10,5 
33,2 
40,9 


4.  18.  46,3 
4.  21.  38,1 
4.  21.  56,8 
4.  22.  56,2 
4.  23.  25,3 


4.  23.  53,0 
4.  26.  8,9 
4.  27.  10,8 
4.  27.  16,6 
4.  29.  39,5 


3,431 
3,443 
3,559 
3,392 
3,565 


3,372 
3,413 
3,475 
3,373 
3,401 


4.  34.  1,7 
4.  36.  24,6 
4.  39.  5,9 
4.  40.  40,1 
4.  41.  55,3 


3,399 
3,492 

3,397 
3,408 

3,397 


3,407 
3,413 
3,380 
3,419 
3,499 


3,420 
3,411 
3,406 
3,409 
3,581 


3,480 
3,482 
3,487 
3,379 
3,445 


North   polar 
Distance. 


D.  M.  S. 


76.  39.  5 
64.  52.  48 
76.  25.  58 

72.  57.  48 

73.  54.  43 


73.  3.  22 
72.  33.  58 
67.  40.  31 

74.  52.  15 
67.  29.  25 


75.  46.  28 

73.  54.  55 
71.  17.  56 
75.  44.  23 

74.  30.  59 


74.  36.  28 
70.  37.  52 
74.  45.  4 
74.  16.  34 
74.  46.  38 


Annual 
Precca. 


S. 


9,33 
9,27 
9,23 
9,19 
9,15 


9,10 
8,99 
8,97 
8,91 
8,88 


8,88 
8,88 
8,76 
8,75 
8,75 


74.  19.  16 

74.  7.  59 

75.  36.  36 
73.  55,  18 
70.  34.  0 


73.  55,   32 

74.  24.  4 
74.  37.  39 
74.  30.  43 
67.  27.  36 


71.  39.  31 

71.  39.  6 

71.  31.  54 

76.  6.  45 

73.  20.  2 


8,74 
8,63 
8,62 
8,61 
8,58 


8,57 
8,34 
8,31 
8,24 
8,20 


8,16 
8,00 
7,90 
7,89 
7,70 


—  7,35 

—  7,16 

—  6,94 

—  6,81 

—  6,71 
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MAYER'S  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


Numb. 

of 
Stars. 

Names 

and  Places 

of  the  Stars. 

1 

s. 

• 

8 

8 

6,7 

ef, 

7 

4 

6 
6 
6 

1 
7 

1 
6 
7 
8 

7,8 
2 
2 

Right 

Ascension 

in  Degree*. 

Annual  ( 
Variat. 

Right 

Ascension 

in  Time. 

Annual 
Variat. 

North  polar 
Distance. 

Annual 
Precefc 

D.      M.      S. 

s. 

1 

H.     M.     S. 

S. 

D.      M.      S. 

S. 

176 
177 
178 
179 
180 

70.  42.   57 

70.  48.  50 

71.  16.  17 
71.  18.  49 
71.  46.  19 

51,46  1 

51,551 

54,32 

51,76 

50,84 

4.  42.  51,8 
4.  43.  15,3 
4.  45.     5,1 
4.  49.  15,3 
4.  47.     5,3 

3,431  1 
3,437 
3,621 
3,451  : 
3,389 

73.  58.  10 
73.  43.  58 
66.  23.  39 
73.  11.  25 
75.  47.  29 

—  6,63 

—  6,60 

—  6,44 

—  6,43 

—  6,28 

181 
182 
183 
184 
185 

iTauri 
l.y  Orionis 

71.  55.  27 

72.  38.  19 

72.  57.  49 

73.  8.  42 
73.  17.  29 

51,34 
53,47 
53,37 
51,19 
52,82 ! 

4.  47.  41,8 
4.  50.  33,3 
4.  51.  51,3 
4.  52.  34,8 
4.  53.     9,9 

3,423 
3,565 
3,558 
3,413 
3,531 

74.  24.  37 

68.  43.  30 

69.  1.  53 
74.  54.     4 

70.  29.  49 

—  6,22 

—  5,99 

—  5,87 

—  5,82 

—  5,76 

—  5,61 

—  5,58 

—  5,39 

—  5,09 

—  4^94 

186 
187 
188 
189 
190 

m  Tauri 
1. 1  Tauri 
2.  y  Orionis 
a  Aurigae 

73.  45.  22 

73.  50.  54 

74.  25.  21 
.  75.  17.  56 

75.  42.  42 

52,40 
53,08 ! 
51,31  J 
65,94  j 
53,88 

4.  55.     1,5 
4.  55,  23,6 

4.  57.  41,4 

5.  1.  11,7 
5.     2.  50,8 

3,493 
3,539 
3,421 
4,396 
3,592 

71.  39.    8 
69.  52.  23 
74.  41.    6 
44.  13.  53 
67.  58.  14 

191 
192 
193 
194 
195 

P  Orionis 
n  Tauri 
2. 1  Tauri 

76.    6.  50 
76.  40.     1 
76.  42.  21 

76.  58.  36 

77.  8.    3 

43,13 
53,84 
53,08 
52,48 
52,97 

5.    4.  27,3 
5.     6.  40,1 
5.     6.  49,4 
5.     7.  54,4 
5.     8.  32,2 

2,875 
3,589 
3,539 
3,499 
3,531 

98.  27.  24 
68.     8.     6 

70.  6.     2 

71.  42.  37 
70.  24^  50 

—  4.80 

—  4,62 

—  4,61 

—  4,52 

—  4,47 

196 
197 
198 
199 
200 

/S  Tauri 
y  Ononis 

77.  13.  41 

77.  31.  21 

78.  15.  23 
78.  28.  15 
78.  43.  50 

56,30 ! 

56,75 

56,64 

48,13 

52,32 

5.     8.  54,7 
5.  10.     5,4 
5.  13.     1,5 
5.  13.  53,0 
5.  14.  55,3 

3,753 
3,783 
3,776 
3,209 
3,488 

62.   16.  22 
61.  16.  45 
61.  35.     6 
83.  51.  16 
72.  14.     4 

—  4,43 

—  4,33 

—  4,08 

—  4,01 

—  3,92 

201 
202 
203 
204 
205 

0  Taui  i 
xAurigx 
P  Leporis 

i  Orionis 

5 
5 
5 

7,8 
2 

6 
S 
3 
2 

78.  45.  25 

79.  46.     2 

79.  48.  47 

80.  17.  32 
80.  19.  22 

53,86 
58,86 
38,47 
53,33 
45,86 

5.  15.     1,7 
5.  19.     4,1 
5.  19.  15,1 
5.  2L  10,1 
5.  21".  17,5 

3,591 
3,891 
2,565 
3,555 
3,057 

6S.  15.  29 
57.  58.  50 
110.  56.  13 
69.  41.  23 
90.  28.     6 

—  3,91 

—  S,56 

—  3,55 

—  8,38 

—  8,37 ' 

206 
207 
208 
209 
210 

Orionis 
a  Leporis 
f  Tauri 
1  Orionis 

80.  30.     4 

80.  52.     7 

81.  16.  29 
81.  23.  32 
81.  40.  58 

51,01 
39,59 
53,63 
45,55 
55,59 

5.  22.     0,3 
5.  23.  32,4 
5.  25.     5,9 

5.  25.  34,1 

6.  26.  43,9 

3,401 
2,639 
3,575 
8,037 
3,706 

• 

75.  50.     5 
107.  59.     3 
69.     0.    3 
91.  20;  56 
64.   14.  11 

—  3,31 

—  8,18 

—  8,05 

—  3,00 

—  2,91 
■ 

C  Ms:  ) 


MiSfEi('s'fcAtXIX)GnE  OPTlt^'MtiitSlpXL'istAliS. 


Numli. 
of 

and  Pl«"" 
.ofihiaiirt. 

f 

Anniwl 
VMi.1. 

+ 

Wlht 
Atamiea 
io  Timt,       ' 

+ 

North  poUr 

1       DUUBC. 

— i 

Annua 

B.     «.       S. 

3. 

H.     W.      B.     _ 

•■ 

D.      ».       . 

2,25 
2,17 

+ 
2 

7.8 
7,8 

83.     3.  li 

82.  3,'.  3J 
d3.  I.-'.  47 

83.  -Si.     7 
83.  -(5.  35 

45.07 
■  45,W 
52,72 
53,04 
54,14 

5.   28.   13,0. 
5.  30.   1(,,3 
,  5.  32.  51.8 
fi,  34.  28,4 
5.  35.    a.3 

3t003 
9^020 
3,5  li 
3.556 
3.609 

.    92.  44.     2 
.9'.'-     3.  59 

69.  +9-     0- 
6i.   24.  49 

7  Lcporia       i 

*.3 

6,7 

8 

3 
7,8 
i 
7 

«3.  47.  53 
83.  J5.  5.i 

83.  57.   45 

84.  2.     0 
84.     5.  31 

52,85 
37,75 

.w,5y 

55,10 

49,-*2 

5.  35.  11,5 
5.  35.  -13  7 
5.  35.  51.0 
5.  56.     8,0 
5.  36.  22,1 

3.490 
2.517 
3,573 
3,673 

3,395 

72.   21.  53 
112.  31.   2« 
69.    13.      5 
65.  31.  11 
80.  2j.     3 

—  2.16 

—  2,11 

—  2,10    . 

—  3,08 

—  2,06 

221 
223 
233 

aC5 

l.^Orioois 
2.x  Orion  IS 
a  Of  ioiils 

6*.  27.     1 

85.   12.  45 
85.  2S.   '9 
SA.  37.  38 
85.  57.     9 

4i.5y 

53,3s 
53.38 
53.17 
48,60 

5.  37.  48,1 
5.  40.  51,0 
5.  41.  57,8 
S.  42,  30,5 
5.  43.  48.6 

2,8J9 
3.539 
3.559 
3,54J 
3,240 

99-  45.  23 
69-  45.  57 

69.  47.  37 

70.  18.  26 

S2.   38.  50 

—  t,93 

—  1,68 

—  1,58 

—  1,55 

—  1.4,1 

236 
227 
,22? 

'330 

i-xOrionia 

S 
7 
(i.7 
5 

86.  14.  28 
&\S.  SO.     2 

87.  IS.  11 
ST.  «.     3 
87.  4.'i.  17 

55,7+ 
54,46 
Si.Sti 
52,45 
53,18 

5.  44.  57,5 
5.  47.   44,1 
5.  49.     0,7 
5.  51.     0,3 
5.  51.      l.r 

3,716 
3,631 
3,617 
3,497 
3.545 

64.     5.  50 
67.     7.  40 
67.  37.  16 
72.   II.   55 
70.  19.  15 

—  1J2 

—  1.07 

—  0,96 

—  0,79 
-0.79 

231 
S32 

M3 
234 

2U5 

li  Gamiiionim 
3.  z  Uriuuis 

4 
7 

7,8 

87.  50.  23 
«7.  5!.  *2 

88.  46.     4 
89-   13.  l6 
S'J.    14.   45 

54.63 
53,36 
54,32 
5J..20 
54.5h 

5.   51.  2i,5 
5.  51.  26.8 
5.  55.     4  3 

5.  56,  S3,0 
5.   56.  59.0 

J,64i' 
S.1S7 
3.6J1 
3.613 
3.639 

66.  44.  2'4 
6"9.  52.  19 

67.  29.  43 
67.  47.  33 
66.  52.     5 

—  0.75 
-0,75 

—  0,43 

—  0,27 

—  0.27 

236 

aJ7 

23S 
240 

Genniijorum 
1  Gf  lI)iuo^lJlU' 

7.8 
6 
7,3 

4 

6 

89.  2(i.  37 
89.  53.  44 

89.  53.  49 

90.  33.     1 

90.  37.  20 

54,^4 

53,24 
54,50 

54,3; 

53,01 

5.  57.  46.5 
5.  59.  34,9 
5.  59.  35,3 
ti.     2.72,1 

3^"36 
3,549 
3,633 
3,623 
3,534 

66.  58.  37 
70.  .10.  45 
OY.     3.  31. 

67.  96.  52 

70.   4:7..il 

— -0,20    ' 

—  0,04 

—  0,04 
+  o,iy  . 
+  0,22 

S4l 

243 
244 
2*5- 

GelniIlbl'UIn 

'  4 

90.  52.  16 

91.  2.  25 

41- i'-*' 

5 

■■s 

^ 

3,656 

3,65;i 
3,64y 

65.  58.  SB- 

66.  14.  21 
dti.  ig.  51 
C'G.  27.  50 
66.  39   32 

+  0,30    ' 
+  0,36 
-  -f  0.53 

+  o.i7 

+  0,53 

1.645 

J 

(     i27     ) 


MAYER'.  CATAIXWUE  OF  THE  PRINCIPAL  STARS, 


Rieht 

A.muJ 

Rijht 

Annual 

North  polir 

AonuJ 

Numb, 

N>n>» 

« 

■      'A.4:«», 

V,ri.t. 

Axxnuoo 

VarijiL 

,      Distuuc. 

Precti. 

of 

tnd  Pluu 

^ 

laD»gr«^ 

+ 

in  Time. 

+ 

Stan 

of  the  Slan. 

1 

B.     M.      S. 

s. 

s. 

D.       M.     3. 

■• 

24fi 

6 

92.   10.  11 

58,79 

6.     8.  40,7 

3.586 

68.  47.  22 

+  0,76 

2i^ 

9 

92.  12.     5 

53,82 

6.     8.  +8,3 

3.588 

68.  43.  13 

+  0,77 

ms 

B2.  14.  52 

54,87 

6i     8.  59.3 

3.658 

66.     9.  2* 

+  0,78 

S*9 

f*  Gemi*onim 

S 

92.  39.  39 

54,3(i 

e.  la  I4,G 

3,624 

67.  23.  34 

+  0,90 

250 

Geminorum 

93.  16.  37 

54,0(> 

6.  13.     6,5 

3.600 

68.  15.  16 

+  i;n 

~251 

Gefttinenim 

93.  48,  52 

53,6S 

a  15.  15,6 

3,577 

69.     5.  « 

:« 

252 

93.  51.  46 

53,54i 

6:  15.  27,1 

3,569 

601.  23.  36 

2fiS 

.  GeminojTifn 

4. 

94.     7-  20 

53,43 

6.   16.  29,3 

3,562 

B9.  4a  U 

+ i.*i 

25  !■ 

Geminorum 

8 

95.     0.  25 

52,48 

6;  20.     (,7 

3,499 

72.     5.  16 

+1,73 

255 

7,8 

95.     0.  *I 

52,48 

6.  2a     2,7 

3,499 

72.    5.    0 

+  1,73 

256 

8'. 

95.  41.  48 

51,87 

6.  22.  47,2 

3,459 

78.  38.  47 

+  '•?> 

257 

2,3 

06.  23.  34 

51,95 

6.  25.  54,3 

3,463 

78.  26.     8' 

+  2,43 

258 

96.  29.  87 

51,95 

6.  25.  57,8 
6.  27.  87,3 

3,463 

73.  25.     8 

+  2,26 

259 

Gmninorum 

& 

06,  54.  20 

53,26 

3,5^7 

70.     9.  *8 

+  2,*1 

260 

6,7 

:  97-  32..  29 

52,41 

6.50.     9,9 

3,494 

72.     9.  48 

+  2,63 

261 

.  Geminorum 

3 

97-  45.     2 

55,42 

6.  31.     0,1 

3,895 

64.  40.  37 

+  2,70 

262 

LSCen-lDomm 

5,4, 

98.     2.  10 

50,76 

6.  32.     8,7 

3,3fi4 

76.  34.  26 

+  2,80 

■   263 

2.  f  Geminormti 

98.  22.  &3 

.50,Si 

6.  33.  30,3 

3,376 

76.  53.  25 

+  2,92 

26* 

B  Can» 

1 

.98.  58.  40 

40,18 

1  6.  35.  54,7 

3,679 

106.  25.  39 

+  3,13 

265 

99.  28.,  ,48 

50^82 

6.  37.  55,2 

3,ssa 

76.  21.  30 

+  3,30 

266 

d  Geminorum 

6 

99.  4  k  17 

54,00 

6.  38.  57,1 

3,600 

f58.     0.  23 

+  3,3» 

267 

e  Geminorum 

6 

100.  41.  51 

50,72 

6.  49.  47,4. 

3,38 1 

■■   76.  34.  10 

+  3,73 

268 

7,8 

101.     0.  49 

52,41 

6.  44.     3,2 

3,494 

72.    a  17 

+  3,83 

269 

lOI.  22..  10 

52,47 

6.  45.  28,7 

3,498 

71.  50.  12 

+  3,96 

270 

Gemioonim 

7,9 

101.  27.  33 

55,75 

6.  45.  50,2 

3,717 

63.  39.  29 

+  3,98 

271 

7 

101.  37.   15 

55,67 

6.  46.  2a,0 

3,711 

63.  48.  59 

+  ♦,0* 

272 

!> 

JOl.  58.  ,53 

51,63 

6.  47.  55,5 

3,642 

66.  16.  57 

+  t-is 

273 

8,9 

102,     2.  45 

.51,71 

6.  48.  11,0 

3,451 

73.  38.  42 

+  1,18 

27+ 

l...Geminonm» 

6 

102.  24.     2 

5V,0i 

6.  49    36,1 

3,663 

65.  3ft     I 

+  4,31 

275 

i  Geminorum 

5 

102,  5f:  36 

3%if 

6.  51.  38,4. 

3,565 

69.    8.  11 

+  4.*8 

276 

2.^  Gcminonim 

lO'l.     9.  46 

54,28 

6.  S3.  39,1 

3,619 

67.    3.  46 

+  4,56 

277 

S 

103. '31.  10 

52,37 

6.  5*.     *,6 

3,401 

71.  57.     5 

+  4.68 

278 

0    Geminorum 

T 

1<».     4.  42 

51,69 

6f  .56.  18,8 

3,44« 

73.. -44;;  47 

+  4,86 

■279 

T    Gemihonmi 

^ 

lOJ-.'SS.  20 

57,49 

6.  57.  4^,3 

3,833 

49.  25.  33 

+  4,99 

280 

'm  Geminoram 

104,  54.  Si 

54,83 

6.  5?.  39,6 

3,655 

,    p.  32.     7 

+  3,16 
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MAYER'S  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


Numb. 

Nimt) 

_, 

Rieh. 

Annuil 
Preen. 

Ri£ht 

AnnoJ 
Pnni. 

DiRUCC 

Anoiul 

P«t<3. 

of 

■nd  Plicn 

UDtgTO* 

inTiiM. 

Sun. 

of  thcSut^ 

^ 

B.       M.      S. 

3- 

H.     M,     S. 

s. 

D.      M.      «, 

8. 

S81 

5 

105.  19.  32 

51,75 

7.     1.  18,1 

3,450 

73.  29.  55 

+5,30 

2R2 

n  GeminoniTn 

5 

105.  27.  33 

55,12 

7.     1.  50,2 

8,675 

64.  45,  5* 

+5,35 

283 

IS 

106.     0.  52 

55,86 

7.     4.     8,5 

3,724 

62.  56.  47 

+5,53 

28+ 

7 

106.  10.  16 

51,72 

7.     ♦.  41,1 

3,448 

73.  29.  57 

+5,59 

285 

X  Gerainonun 

5 

106.  30.  U 

51,86 
53,91 

7.     6.     0,9 

3,457 

73.     5.  41 

+5,70 

28^ 

S  Cieniinaniin 

3 

106.  53.  28 

7.     7.  3S.9 

3,594 

67.  38.  45 

+  5^2 

287 

q  Geminornm 

6,7 

107.  23.     5 

53,17 

7.     9.  32,3 

3,545 

69.  30.  29 

+5,99 

288 

a  Gcminoi^un 

5,6 

107.  39.  5+ 

55,11 

7.  10.  39,6 

.3,674 

64.  33.  38 

+6,07 

289 

7,8 

107.  5ft  40 

51,47 

7.  11.  22.7 

3,431 

71.  20.  10 

+  6,14 

290 

7 

107.  52.     2 

.'>6.I8 

7.  11.  28,1 

3,745 

61.  58.  22 

-r6.1S 

291 

.  Gerainorum 

4,5 

108.   1ft     2 

56,24 

7.  12.  40,1 

3,749 

61,  47.  57 

+6,25 

2T2 

7,8 

108.  36.  15 

53,69 

7.  14.  25,0 

3,579 

68,     1.  32 

+M0 

233 

p  Gcrajnornni 

6 

108.  48.  53 

53,64 

7.  15.  16,5 

3,576 

68.     8,  20 

+6,47 

29+ 

5 

JOa.  55.  33 

57,96 

7.  15-  84,2 

3.864 

57.  4fl,  58 

+640 

295 

I.bGcminorum 

6 

109.     3.  35 

56,32 

7.  16.  14,3 

3,75.5 

61.  27.  50 

+6,55 

296 

2.bGcrabonim 

109  10.  58 

56,23 

7-  16.  43,9 

3,749 

61,  39.  56 

+6.58 

297 

a  Gcmin^niiTi 

1,2 

110.  17.  35 

57,^ 

7.  21.  10,3 

3,862 

57.  40.     0 

+6,96 

■   298 

k  GcmiDorum 

6 

lift  2t.     8 

51,50 

7.  21.  36.3 

3.433 

73.  44.     9 

+  6.99 

299 

.  Geminoram 

5 

no.  44.  22 

55,72 

7.  22.  57,5 

3,715 

62.  39.     6 

+  7,10 

300 

III.  18.  53 

52,59 

7.  25.  15,5 

3,506 

7ft  37.  18 

+  7,29 

301 

~ 

111.  22,  38 

54,65 

7.  25.  30.5 

3,643 

6->.  11.     6 

+  7,31 

.   302 

7 

111.  37.  21 

54,-59 

7.  26.  29,4 

3,639 

65.  18.  .58 

+7.39 

303 

6 

111.  49   59 

52,12 

7.  27.  19,9 

3,475 

71.  51.  37 

+7,45 

304. 

s  Cania  min. 

i 

112.     4.  57 

47,89 

7.  28.  19,8 

3,lH:i 

84.  14.  22 

+  7,53 

305 

7,8 

112.  1*.  36 

47,89 

7.  28.  58,4 

3,193 

84.  15.  16 

+  7.58 

306 

(T  GeiaiiKinun 

5 

115.  32.  24 

,^6,4S 

7.  SO.     9,5 

3,763 

60,  37-  15 

+  7,66 

7 

112.  4a  36 

53,83 

7.  3ft  50,4 

3,589 

67.     7.  15 

+  7.73 

MiiMSS 

G 

112.  49;  16 

55,14 

7.  31.    7,1 

3,676 

63.  43.  47 

+7,75 

ifi 

112.  56.  14 

54,59 

7.  31.  44,9 

.3,639 

65.     6.  49 

+  7,81 

■W| 

i^ 

lis.     6.  59 

56,0* 

7.  32.  27.9 

3.736 

61.  28.  48 

+7,86 

w 

tiS.  29.  15 

52,35 

7.  38.  57,0 

3,490 

7ft  59.  25 

+7.98 

114.  56.  49 

52,58 

7.  39.  43,3 

3,505 

70.     9.     4 

+  8,45 

^^^^^^^^^^^^^K 

115.     9.  20 

55,S8 

7.  40.  37,3 

3,692 

62.  42.  19 

+  8,52 

115.  5ft  50 

S2.7+ 

7-  43.  23,3 

3,516 

69.  34.  29 

+  8,74 

■ 

^^H 

m 

)|11?.    2.  58 

54,71 

7.  .48.  1J,9 

3,61-7 

64.     2.  49 

+  9,11 
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1 

■ 

• 

Kmnb. 

Names 

'  1 

1 

As  Jens  ion 

Annual 
VariaC 

Kight 
Ascension 

1 

Annual 
Variat* 

North  polflTi^ 
X)i&unce. 

i 

Afiaool 
Ptecei^ 

'    of 

and  Places 

04 

2.' 

in   ^egrecs 

-f-  ' 

in  ;Time. 

4- 

1 

:  Stars. 

<tf  the  Stars. 

c  . 

If 

5 

J 
1 

D.        M.      S. 

S. 

n.    M.    s. 

S. 

Di     M.     S. 

6. 

•■    316    .    Canpri   ,  . 

117.  38.  54 

55,61 

7.  .50.  35,6 

3,707 

61.  37.  52 

+  9,80 

:      317 

.    Caticri 

118.  20.  28 

50,32 

7.  5^.  21,9  ,  3,355 

76.  17.  44 

+  9,51  I 

■  aia 

7 

118.  27.     7 

50,44 

7.  53.  48,5 

3,368 

75.  54.  39 

4-  9,55 

919 

2.  fjL  Cancn 

118.  50.  42 

53,17 

1.  55.  22,8 

3,545 

67.  49.  17 

+  9,67 

320 

1 .  4^  Cancri 

7 
4 

119.  22.  18 

54,71 

7.  57.  29,2 

3,647 

63.  33.     3 

+  9,83 

821 

2.  4.  Cancri 

119.  26.  37 

51.,58 

7.  57.  46,5 

3,639 

63.  51.  56 

T   9,65 

322 

119.  29.     0 

49,61 

7.  57.  56,0 

3,307 

78.  22.  43 

+   9,86 

323 

^  Cancri 

6 

120.     i.  30 

56,15 

8.     0.     5,9 

3,743 

59.  43.  39 

+  10,03 

324 

1 .  ^  Cancri 

5 

120.     2.  11 

51,75 

8.     0.     8,7 

3,450 

71.  43.  53 

+  10,03 

325 

2.  ^  Cancri 

5 

7 

120.     2.  13 

51,75 

8.    0.    8,9 

3,450 

71.  43.  50 

+  10,03 

326 

120.  12.  10 

49,21 

8.     0.  48,7 

3,281 

79.  34.     5 

+ 10,08 

327 

120.  32.  11 

51,71 

8.    2.    8,7 

3,447 

71.  45.  44 

+  10,18 

328 

/S  Cancri 

4,3 

121.  16.  46 

48,99 

8.     5.     7,1 

3,266 

80.  10.  43 

+  10,40 

329 

121.  32.  10 

48,88 

8.     6.    8,7 

3,259 

80.  29.  44 

+  10,48 

S3G 

X  Cancri 

6 
6 

121.  49.     8 

55,03 

8.    7.  16,5 

3,669 

62.     6.  42 

+  10,57 

331 

\  Cancri 

122.     0.  20 

53,83 

8.     8.     1,3 

3,589 

65.  19.  43 

+  10,62 

832 

1.  d  Cancri 

7 

122.  49.  46 

51,82 

8.  11.  19,1 

3,455 

71.     0.  19 

+  10»87 

•   333 

6,7 

123.  24.  52 

55,12 

8.  18.  39,5^ 

3,675 

61.  2S.  39 

+  11,04 

SSi 

2.  d  Cancri 

7  , 

123.  28.  54 

51,37 

8.  13.  55,6 

8,425 

72.  16.  23 

+  11,06 

335 

2.  ^  Cancri 

123.  SO.  51 

54,76 

8.  14.     3,4 

3,651 

62.  23.  30 

+  11,07 

336 

7 

123.  32.     5 

53,76 

8.  14.     8,8 

3,584 

65.     8.  17 

+  11,07 

337 

2.  V  Qincri 

6,7 

124.     2.     1 

53,70 

8.  16.     8,1 

3,580 

65.  10.  13 

+ 1 1,22 

838 

^            1 

7 

124.  17.  38 

53,75 

8.  17.  10,5 

3,583 

64.  58.     1 

+  11,30 

339 

• 

8 

124.  17.  47 

54,41 

8.  17.  11,1 

3,627 

61     7.  12 

+  11,30 

340 

3.  V  Cancri 

6 

124.  45.  55 

53,62 

8.  19.     3,7 

3,575 

6S.  13.  22 

+  11,43 

341 

^  Cancri 

6,5 

124.  53.  57 

51,61 

8.  19.  35,8 

8,441 

71.  12.  24 

+  11,47 

342 

• 

124.  54.  14 

51j90 

8.  19.  36,9 

3,460 

70.  18.  58 

+  11,47 

343 

n  Cancri 

6,7 

125.     8.:  8 

5%36 

8.  20.  82,5 

3,491 

68.  51.  25 

+  11,54 

344 

4*  V  Cancri 

125.     8.  80 

53,59 

8.  20.  34,0 

8,573 

65.  12.  41 

+ 1 1,54 

345 

125.  31.  30 

50,08 

8.  22.    6,0 

3,339 

76.     2.    9 

+  11,66 

346 

Cancri 

8 

126.'  48.  24 

52;03 

8.  23.  iSfi 

8,402 

69.  41.  5S 

+  11,73 

347 

8 

125.  54.  37 

53,09 

8.  23.  38,5 

3,539 

69.  30.  59 

+ 1 1,76 

^  348 

8 

126.    4.  55 

50,67 

8.  24.  19,7 

.3,378 

73.  58.  14 

+  11,81 

349 

1.  c  Cancri 

6 

126.  25.  24 

48,97 

a  26.  41^ 

3,265 

79.  Sr.  35 

+  11.91 

350 

126.  25.  46. 

51,89 

•              1 

8.  25.  43,1 

.3,459 

70.     0.  46 

+  11,91  . 

VOL. 

ir. 

S   Y 
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MASEE's  CATALOGUE  OF  THE  PRINCIPAL  STAE§. 


1 

■    JRish. 

Annul) 

Ri?ht 

...., 

North  poW 

AduuiI 

Ninnh. 

Nmum 

' 

'    A««woii 

V»rbt. 

AiCCDSW 

v,.bt. 

Distance. 

Precii. 

of 

IDd    Pbcil 

in  Degrfci, 

+ 

>n  Time. 

+ 

St.ri. 

of  ibc  Suri. 

D.      M.      S. 

S. 

s. 

D.    M.      S. 

5. 

SSI 

«.  c  Caucri 

126.  +0.  32 

48,94 

8.  26.  42,1 

3,263 

79.  42.     8 

fM,9f 

:  338 

oCaapri   , 

7 

I2ti.  54.  '23 

52,00 

6.  27.  37.S 

3,467 

lf,:fo" 

tf- ',12,03 

.'^33 

7 

126.  56.  37 

5193 

8.  27.  46.5 

3,4fi2 

+',  2,05 

•:«* 

126.  59.  37 

52.31 

8.  27.  58.4 

3,481 

8. 51.  ^ 

+    2.07 

•S3» 

_  7 

127.     0.     2 

52,08 

8.  28.     0,1 

3,472 

6a.,  U.  42 

+  12,07 

-?5« 

7 

127.      I.   21 

52,07 

S.  28.     5.4 

3,47  f 

«9.   17.  66 

+  12,08 

.357 

7 

127.     4.  2'i 

51.97 

8.  28.  17.4 

3,465 

69-  35.  56 

+  12,09 

^3i8 

7 

127.     5-  46 

51^3 

6.  28.  23,1 

3.462 

69.  43.  27 

+  12,10 

•II? 

e  Caucri 

7 

127.    9-  37 

51,98 

8.  28.  38^5 

3.465 

69-  32.  53 

+  12,11 

7 

127.  13.     8 

51.93 

8.  28.  52,5 

3,462 

69.  41.  12 

+  12,13 

36l 

7 

127.  26.  15 

52,01 

8.  29.  45,0 

3,467 

69-  23.  19 

+  12,19 

36"2 

yCuncri 

* 

127.  46.  42 

52,49 

8.  31.     6,8 

3,499 

67.  47.  15 

4.  12,28 

363 

1.  u  Caucri 

6 

127.  54.  17 

49,80 

8.  31.  37,1 

3,320 

76.  34.  38 

+  JS.3a 

364 

)  Caiicri 

+ 

128.  10.  55 

6  1  ,*2 

8.  32.  43,7 

3,428 

71.     4.  57 

+  ia,4o 

365 

t>  CuUCfi 

6 

138.  20.     7 

49,03 

8.  33.  20,5 

.t.269 

79.  10.    7 

+  12^4 

3S6 

.  CBncri 

5 

12s.  29.  22 

54,90 

8.  33.  57.5 

3,660 

60.  29.    0 

+  I2,4S 

367 

■2.  a  Cancri 

6 

12a.  51.     7 

49,J9 

8.  35.   24,5 

3,30{i 

77.     7.  51 

+  12,58 

368 

8 

iwg.  16.  98 

49.69 

8.  37.      5JJ 

3.313 

76.  41.  27 

+  12,70 

369 

8 

129.  41.   12 

51,28 

8.  38.   4*,8 

3,419 

71.  10.     1 

+  12,Sl 

370  j 

7,S 

129.  41.  34 

51.51 

8,  08.   46,3 

3,434 

70.   23.  46 

+  12^1 

371 

8 

129.  +9.  41 

50,47 

8,  39.  18.7 

3,365 

73.  52.  5V 

-f  12,81 

372 

7,B 

130.   20.     9 

51,03 

8.   41.  20,6 

3.402 

71.  50.  53 

+  12,98 

373 

130.   28.    11 

51,80 

8.  41.  52,7 

3.453 

69.   14.  57 

+  13.02 

.    374 

9 

VJO.   29.  30 

51,07 

8.  41.  58.0 

8,403 

71.   40.    16 

+  13,02 

375 

130.  30.   51) 

50, 1 6 

8.  ,42.     3,9 

3,344 

74.  48.   23 

+  13,02 

376 

9 

130.  41.  41 

50,11 

8.   42.  46,7 

8,341 

74.   56.   32 

+  13.07 

377 

;i 

130,  47.  52 

4N,+S 

8.  43.  11.5 

3.229 

80.  57.   45 

+  13,10 

378 

7 

130.  52.   53 

50,95 

8.  43.  31.5 

3,397 

71.  58.  48 

+  13,12 

379 

8.9 

130.   59.  2tf 

50.07 

8.  43.  57,7 

B.338 

75.     1.  27 

+  13,15 

380 

l..Ci;.icn 

6,7 

131.    6.  37 

+.9,35 

8.  44.  26.5 

3,290 

77.  34.  5S 

+  13,18 

381 

J3I.   19.  :*fi 

50,1)0 

6.  45.  1 8.4 

3,393 

72.     3.  29 

+  13.24 

362 

IcCi.nfri 

6 

13).   22.   38 

50,37 

8.  45.  30,.i 

3,358 

73-  52.  56 

+  13.25 

383 

131.  24.   5l 

50,98 

S.  45.  39,6 

3,3,<)9 

71.  44.  45 

+  13,26 

384 

3.  •  Canrri 

6 

131.   27.   32 

50,44 

S.  45.   50,1 

3,363 

73.  37.  24 

+  13,27 

385 

2.  a.  Caw n 

+,3 

131.  44.   4.'> 

49,38 

8.  '46.   5y,0 

3,292  1  77.  20.  SO 

+  13,34 
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MAYER'S  CATALOGOK  OF  THE  PEINGffAL  STA«8. 


RLght 

Annual 

Right 

\~ 

Anngil 

Nor Ih  polir 

Aanud 

Nomh. 

Nin>« 

g 

AtCUHi™ 

Voiiai, 

Aiccniioo 

V«riit. 

Dinirice.' 

of 

and  PIico 

I 

in  DtgKts. 

+ 

in  Time. 

+1 

P«cei. 

Sun. 

of  ibc   Sun. 

I 

i       -,. 

D.       M.    S. 

B. 

i.      M.       S. 

5. 

386 

7 

131.  49.  25 

51,14 

8.  47.  17.7 

3,409 

71.     3.  27 

V  13,371 

387 

131.  58.  18 

49,70 

8,  47.  53,2 

3,313 

76.     7,     6 
$i.  43.  55 

lH3,40l 

388' 

■i  Ciocri 

6 

132.  36,  25 

52,98 

8.  50.  25.7 

3,532 

+  JS,57 

389 

7.8 

133.  17.  52 

49,03 

8.  53.  11,4 

3,269 

78.  19.  31 

:fI3,75 

390 

«Cancri 

4,5 

134.     5.  22 

48,95 

8.  S6.  21,5 

3,263 

78,  29.  49 

4-13,95 

391 

5  Cancii 

5,6 

134.  18.  53 

52,08 

8.  57.  15,5 

3,472 

67.     6.  54 

+  14,01 

392 

13t  33.  SO 

52,04 

8.  58.  15,3 

3,469 

$7.     9.  42 

+  14,07 

393 

184.  57.  52 

49,14 

8.  59.  51,5 

3,276 

77.  35.  20 

+  14.17 

394 

7 

135.  54.  It 

49,97 

9.     3.  36,9 

3,331 

74.  11.  49 

+  14,39 

395 

7 

136.  +4.     5 

53,09 

9.     6    56,3 

3,589 

62,  45   23 

fum 

396 

7 

136.  48,  49 

49,05 

9.     5.  55,3 

3,270 

77.  37.  37 

+  14,53 

397 

7,8 

137.     3.     I 

48,59 

9.     8.  12,1 

3,239 

79.  20.     ! 

+  14,67 

398 

8,9 

137.  11.  47 

50,97 

9.     8.  47,2 

3,390 

70.     1.  44 

+  14,70 

399 

7 

137.  58.  13 

52,80 

9,  II,  52,9 

3,528 

63.  11.  16 

+  14,89 

400 

7,8 

138.     4.  27 

48^5 

9.  12.  17,8 

3,203 

81.  23.  34 

+  14,92 

401 

X  Leonis 

4 

138.     5.  50 

52,86 

9.  12,  23,3 

3,524 

62.  55.  23 

+  14,92 

402 

V  Lconii 

5 

139.  17.  56 

48,32 

9.  17,   11,7 

3,221 

80.     2,  14 

T  J  5,20 

403 

.Hyd>^ 

2 

139,  19.     4 

44,24 

9,  17.  16,2 

2,9S9 

97.  45.  21 

+  15,20 

404 

\  Leonis 

4 

139.  55.  S5 

51,74 

9.  19,  42,8 

3,249 

912^3 

66.     6.  53 

+ 1 5,34 

405 

f  LcodU 

4 

140.     9.  11 

48,80 

9.  20.  36,7 

77.  46.  41 

+  15,39 

406 

hLconis 

6 

140.  10.   19 

48.48 

9.  20.  41,3 

3,2g9 

79.  21.  59 

+  13,39 

407 

7,8 

140.  53.  35 

49,08 

9.  23,  34,3 

9,2^2 

76.  25.     I 

+  15^1 
+1,^66! 

408 

Leonis 

6,7 

141.  21.  28 

49.94 

9.  25.  25,8 

3,329 

T2.  37.  50 

409 

Leoais 

141.  31,  45 

47,72 

ft  26.     7,0 

3,181 

$2.  13.  49 

•f  18,69 

410 

HI.  57.  58 

49,16 

9.  27,  514) 

3,2l77 

75.  44,  50 

+  15,79 

411 

0  Leon  is 

.5,4 

142.  29.     0 

48,36 

9.  29.  56,0 

3,224 

79.     9.  35 

•M5,se 

412 

J-Leonis 

6 

143.     4.     5 

49,24 

9.  32.  16^3 

3,283 

75.     I.  30 

+  16,03 

413 

1  Leon  is 

3 

143,  28.  26 

51^1 

9.  .^3.  53,7 

3,434 

65.  16,     1 

+  16,11 

414 

6,7 

143    45.  48 

48,71 

9.  35.     a.2 

3,247 

77.  13.  49 

+  '6,17 

415 

8 

143.  58.  35 

50^68 

9.  35.  54,3 

3,379 

63.  26.     6 

+  16,21 

416 

7,8 

144.     1.  50 

48,64 

9.  Sfi.     7,3 

3,243 

77.  28.     3 

+  J6,2s; 

^  16,24; 

417 

6 

144.     4,  24 

4x,Gl 

9,  36.  17,6 

3,241 

77    36.     6     , 

418 

8 

144.  52.  34 

48,64 

9.  39.  30,3 

3.243 

V-iOtSU 

+  16vW 

419 

7 

14*.  5*.  44 

48,p0 

9.  39,  38,9 

3,260 

t/5.  57.  32 

+  16,40 

¥20 

7,8 

145.  44.  47 

47^8 

9.  14*.  59,1 

■      1 

3,1  p2 

p.«..^. 

^.wr 

1 

1 

C  ^2  ) 


If  AYER's  CATALOGUE  OF  THE  PRINCIPAL  STPARS. 


1 

i 
I 

1 

- 

Right 

Annual 

Right 

Annual 

North  polar 

Annual . 

Numb. 

Names 

Ascension 

Variat. 

Ascension 

Variat. 

f 
Distance. 

Prcces. 

1      of 

and  Places 

3 

in  Degrees. 

-f 

in  Time. 

-f 

Stars. 

I 
1 

of  the  Stars. 

r» 

• 

6,7 

. 

D.        M.      S. 

S. 

11. 

M.      8. 

S. 

D.      M.      8. 

S. 

421 

SextaDtis 

146.  la  22 

47,97 

9. 

45.  17,5 

3,198 

80.     4.  44 

+  1SSS 

■4*^2 

y  Leonis 

4,5 

146.  43.  36 

48,65 

9. 

46.  54,4 

3,243 

76.  33.  39 

+ 16,76 

42a 

7 

146.  44.  48 

47,82 

9. 

46.  59,2 

3,188 

80.  41.  23 

+  I6,Y7 

424 

7  Leonis 

4 

147.  16.  S3 

47,75 

9. 

49.     6,2 

3,183 

80.  57.  18 

+  16.87 

425 

8 
8 

148.     5.  32 

48,06 

9. 

52.  22,1 

3,204 

79.     4w  32 

+i7,oe 

42(1 

148.  13.     4 

48,39 

9. 

52.  52,3 

3,226 

77.  21.  43 

+  17,04 

.    427 

8,9 

148.  2a  31 

47,68 

9. 

53.  58,1 

3,179 

80.  59.  45 

+  17,09 

428 

7,8 

148.  33.  55 

49,17 

9. 

54.  15,7 

3,278 

73.  13.  49 

+  17,10 

429 

D  Leodis 

3,4 

148.  57.  52 

49,33 

9. 

55,  51,4 

3,289 

72.  13.  12 

+  17,18 

4S0 

a  LeooW 

5 

149.  11.  14 

48,02 

9. 

56.  44,9 

3,201 

78.  58.  45 

+  17,22 

431 

a  Leonis 

1 

149.  17.  42 

48,88 

9. 

57.  10,8 

3,225 

77.     0.  45 

+  17.24 

432 

8 

14^.  35.  32 

47,92 

9. 

58.  22,1 

3,195 

79.  23.     1 

+  17,29 

433 

7,8 

150.    4.  43 

48,59 

10. 

0.  18,8 

3,239 

75.  36.  48 

+  17,37 

434 

8 

150.  43.  43 

50,02 

10. 

2.  54,9 

3,331 

67.  47.  30 

+  17,48 

435 

8 

15a  46.  45 

49,05 

10. 

3.     7,0 

3,270 

72.  49.  31 

+  17,49 

436 

151.  11.     6 

49,81 

10. 

4.  47,7 

3,287 

71.  13.  14 

+  17,56 

^    437 

6,7 

151.  20.  48 

48,56 

10. 

5.  23,2 

3,237 

75.  13.  47 

+ 1 7.58 

438 

7,8 

151.  47.  43 

48,82 

10. 

7.  10,8 

3,221 

76.  19.  54 

+  17,66 

439 

6 

152.     4.  15 

49,54 

10. 

8.  17,0 

3,303 

69.  28.     2 

+  17,71 

440 

y  Leonis 

2 

152.     5.  16 

49,60 

10. 

8.  21,1 

3,307 

69.     6.     1 

+  17,71 

441 

7 

152.  37.  47 

48,67 

10. 

10.  31,1 

3,245 

73.  58.  12 

+  17,80 

i     442 

7,8 

152.  47.  18 

47,64 

10. 

11.     9,2 

3,176 

79.  5S.     3 

+  17,83 

443 

8 

153.  17.  49 

47,88 

10. 

13.  11,3 

3,192 

78.  21.  13 

+  17,90 

AAA, 

V  irif 

7 

153.  32.  41 

47,57 

10. 

14.  10,7 

3,171 

80.     9.     9 

+  17,95 

I    445 

1 

7 
6 

1.54.     8.     9 

47,69 

10. 

16.  32,6 

3,179 

79.  10.  18 

+  18,04 

446 

154.  23.  23 

48,41 

10. 

17.  33,5 

3,227 

74.  35.  21 

+  18,08 

447 

7,8 

154.  31.  12 

47,73 

10. 

18.     4,8 

3,182 

78.  46.  26 

+  18vlO 

448 

i  Leonis 

6 

155.   14.  31 

48,30 

10. 

20.  58,1 

3,220 

74.  47.  23 

+  18,20 

449 

^  Leonis 

4 

155.  26.  10 

47,55 

10. 

21.  44,7 

3,170 

79.  37.     3 

+  18,28 

450 

Leonis 

7 

155.  57.  36 

47,17 

10. 

23.  50,4 

3,145 

81.  58.  11 

+  18,31 

451 

1 

7 

156     0.    8 

47,42 

10. 

24.     0,5 

3,161 

I  80.  16.  10 

+  18,32 

452 

9 

156.  37.  10 

48,66 

10. 

26.  28,7 

3,244 

,  71.  37.     0 

+  18,41 

453 

7 

156.  54.  18 

48,46 

10. 

27.  37,2 

3,231 

72.  47.     1 

+  18,45 

i    454 

9 

157.  10.  19 

47,38 

10. 

28.  41,3 

2,159 

80.     4.     5 

T  1 8,48 

I    455 

6 

158.     6.  43 

46,79 

10. 

32.  26,9 

3,119 

!  84.     9.  16 

1 

+  18,61 

• 

(     533     > 


MAYER'S  CATALOGUE  OF  THE  PRINCIPAL  Sf  AkS" 


Risht 

Annu.il 

Right 

Annual 

N( 

jrth  pohr 

Anuual 

Nmnb. 

Names 

s 

Ascen&ioa 

.Variai. 

Ascensloa 

Variat. 

Distance. 

Prcces. 

of 

and  Places 

m 

»> 

iu  Degrees. 

+ 

iu  I'ime. 

-f- 

• 

Stars. 

of  the  Stars. 

C 

A. 
n 

• 

D,        M. 

& 

s. 

H.     M. 

s. 

8. 

D. 

M.     S. 

S. 

456 

158.  38. 

48 

<^7.13 

10.   31. 

35,2 

3,142 

81. 

23.     2 

+  18,67 

457 

Sextantis 

7,8 

158.  47. 

53 

4fS,97 

10.   35 

11,5 

3,131 

S2. 

31.  22 

-f- 18,69 

458 

k  Lconis 

6 

158.  49. 

18 

48,00  , 

10.  35. 

17,2 

3,200 

74 

42.     3 

4-18,70 

459 

8 

159.     5. 

55 

46^1 

10.  36. 

23,7 

3,131 

82 

32.  56 

+  18,73 

460 

1  Leonig 

6 
8,9 

159.  33. 

5 

^  47,47  1 

10.  38. 

12,3 

3,165 

78. 

20.  48 

+  18,79 

461 

160.  57. 

55 

4(5,82 

10.  43. 

51,7 

3.121 

83. 

2.   17 

+  18,9« 

462 

d  Leonis 

5 

162.  25. 

45 

46,.52 

10.  49. 

43,1 

3,101 

85. 

15.  28 

+  19,11 

463 

c  LeonU 

5 

162.  27. 

56 

46,79 

10.  49. 

51,7 

3,119 

82. 

46.  21 

+  19,12 

464 

163.  17. 

18 

46,50 

10.  53. 

9,2 

3,100 

85. 

13,  56 

+  19,20 

465 

X  Leonis 

4 

7,8 

163.  32. 

54 

46,87 

10.  54. 

11,6 

3,125 

81. 

31.  55 

+  19,22 

466 

b  LeoDifi 

165.  39 

35 

47,95 

11.     2. 

38,3 

3,197 

68. 

43.  21 

+  19,43 

467 

^  Leonis 

2,3 

165   43. 

35 

47,98 

11.     2 

54,3 

3,199 

68. 

19.  38 

+  19,43 

468 

S  Leonis 

3 

165.  48. 

4 

47,48 

11.     3. 

12.3 

3,165 

73. 

25.  26 

+  19,43 

469 

n  Leonis 

6 

166.  12. 

55 

47,25 

11.     4. 

51,7 

3,150 

75. 

32.  57 

+  19,46 

470 

,  ^  Leonis 

4 
4,5 

166.  30. 

5 

45,62 

11.     6. 

0,3 

3,055 

92. 

30.   17 

+ 19,49 

471 

a-  Leonis 

167.  34. 

45 

46,56 

11.  la 

19,0 

3,104 

82. 

49.   16 

+  19,57 

472 

i  Lconit 

4 

168.  14. 

29 

46,87 

11.  12. 

57,9 

3,125 

78. 

18.  55 

+  19,63 

473 

' 

168.  19. 

8 

46,20 

11.  13. 

16,5 

3,080 

87. 

26.  26 

+  19,63 

474 

7 

169.     2. 

28 

46,30 

IL  16. 

9,8 

3,087 

85. 

50.  41 

+  19>68. 

475 

T  Leonis 

4 

4.5 

169.  17. 

12 

46,28 

11.  17. 

8,8 

3»0S5 

85. 

59.   17 

+  19,70t 

476 

e  Leonis 

169.  53. 

58 

45,91 

11.  19. 

35,9 

3,061 

91. 

50.  44 

+ 19,74 

477 

7,8 

170.  19. 

15 

45,71 

11.  21. 

17,0 

3,047 

95. 

18.  21 

+ 19,76: 

478 

7 

170.  31. 

59 

45,63 

11.  22. 

7,9 

3,042 

96 

40.     9 

+ 19,77 

479 

V  Leonis 

4 

171.  33. 

7 

46,04. 

11.  26. 

12,5 

3,089 

89. 

39.  57 

+  19,83 

480 

w  VirgiDis 

6 

8 

171.  54. 

28 

46,48 

11.  27. 

37,9 

3,099 

80. 

42.  14 

+  19,84 

481 

172.  51. 

2 

46,28 

11.  31. 

24,1 

3,085 

84. 

5.  26 

+  19,89 

482 

1.  f  Virginis 

5 

173-  36. 

50 

46,39 

11    34. 

27,3 

3,093 

80. 

34.  31 

+  19,93 

483 

f  Virginis 
2.  f  Virginis 

5 

173.  46. 

5 

46,31 

U.  3.5. 

4,3 

3,087; 

82. 

17.  $4 

+  19,98 

484 

174.  16. 

57 

46,35 

11.  37. 

7,8 

3,090 

80. 

35.  19 

+  19,95 

485 

13  Leonis 

1,2 
3 

174.  35, 

22 

46,55 

11.  38. 

21,4 

3,103  i 

174. 

15.  12 

+  19,96 

486 

fi  Virginis 

174.  56. 

7 

46,11 

11.  39. 

44,5 

3,074 

87. 

3.     3 

+  19,97 

487 

a  Virginis 

6 

176.    4. 

3 

46,25 

11.  44. 

16,2 

3,083 

80. 

23.  20 

+  20,00 

488 

8 

176.     9. 

57 

46,07 

11.  44. 

39,8 

3.071  i 

87. 

43.  59 

+20,00 

489 

/ 

176.  52. 

10 

46,11 

11.  47. 

28,7 

3,074 ! 

S5. 

21.  10 

+  20,02 

490 

177.    4. 

57 

46,05 

11.  48. 

19,8 

3,070 

- 

88. 

18.     8 

+20,02 

(     5«4    ) 


MAYEB'9  CATALOGUE  OF*  f  HEJ  i»RINCi^AL  StARS. 


' 

• 

1 

1 

\ 

"i 

1 

Numb. 

Names 

f 

Right 
AscensKMi 

Animal 
Varst. 

1  Right' '"'^ 

Ascen^oB   *^ 

J                  -. 

Aoo4al 

Varifct. 

1 

North,  polar 
:  DiftaKe. 

Aimul 
J^recff. 

of 

and  Pbces 

ia  Degrees. 

+ 

mTittk.  '  ' 

"  + 

1                               f 

Stars. 

:  of  the  Stars. 

1 

• 

5,6 

I 

j 

» 

1                               1 

D.       M.     S. 

s. 

H.'    M. 

s. 

8. 

1 
p.      M.      S. 

( 

s. 

1 
r 

491 

b  Vinnnis 

177.  18.     2 

46,10 

11.  49. 

12,1 

•3,cf7S 

85.  10i"»  ■ 

||^«W)2 

492 

»  Virffinis 

5 

177.  31.  41 

46,14 

11.  50. 

6,7 

3,076^ 

\2,  12.  50 

li-B>;03 

493 

o 

1 

73 

177.  50.  14 

46.01 

11.  51. 

20,9^ 

>S,q67 

bo.  55.'  50 

'    494 

I 

•• 

7 

178.  15.  98 

46.09 

11.  53. 

1,9 

3,073 

S3.  15  58 

<^Vtf3& 

ft 

495 

p.Virgtnis     < 

5 

■ 

178.  S7.  51 

46,10 

1 

11.  54. 

31,4 

3,073 

iBO.    6.     1 

1 

^^»^ 

f 

496 

^ » 

7,8 

178.  BS.  26 

46<01 

11^  hS. 

45,7 

3,067 

91.  57.  34 

+20,0*; 

,  497 

. "        N 

( 

179.  19.     1 

46,08 

\\\  57. 

16,1 

3,069 

68.  12.  21 

+«>,M 

49fl| 

'  Virginis 

6 

179.  44.  11 

46.02 

11.  6%, 

56,7 

3,068 

96.  44.    0 

H-aoxw 

^99 

1  Virnnis 

6 

179.  50.  22 

46.08 

11.  59. 

21,5 

3,069 

83.     1.  31 

+90.05: 

1 
J 

m 

1 

73 
8 

180.  52.  51 

46,04 

12.     3. 

81,5 

3,069 

94.  SS.  19 

+so,ot; 

1 

1 

601 

1 

^Virginis  • 

181.  58.  49 

46,02 

12.     7. 

55,3 

3,068 

89.  87;    4 

H-flOi03, 

1 
1 

6Qi 

InVupob 

*,8 

182.  17.  42 

46,01 

12,    9 

10,8 

3,067 

89.  29.  53/ 

+«(W)s; 

i 

503 

OVtrguiit 

5 

182.  25.  ^ 

45,95 

12.    9. 

42,3 

3,063 

S5.  301.^.' 

H-«W)Si 

1 

504 

6,7 

182.  BS,    2 

45,90 

12,  11. 

52,1 

3,060 

83.  31.  27 

H-flO.O«[ 

-1 J. 

1 

1 

50£l 

7 

183,    7.    S 

46,09 

12.  12. 

28,2 

3,073 

93*1 4f4.-  4o 

1 
t 

506 

' 

8.9 

185.  23.  14 

46,21 

12,  13. 

32,9 

3,081 

99,  18.  32 

+ 20,01 1 

507 

7,8 

184.  16.  36 

46,11 

12.  17. 

6,4 

3,074 

j93.  27.    a 

+  19,99: 

1 

508 

1 

184.  24.     9 

45,87 

12.  17. 

^^fi 

8,058 

84.  26.  21 

+  19.991 

509 

7 

184.  49.  17 

46,39 

12.  19. 

17,1 

3,093 

102.  IS.  32 

+  19.98 

t 

\ 

510 

■ 

7 

185.     1.  15 

46,11 

12,  20. 

5,0 

3,074 

92.  53.  59 

+  19.9r 
+J.9.96 

511 

185.  13.     1 

46,14 

12.  20. 

52,1 

3,076 

93.  53.  30 

, 

512 

q  Virflnnis 

6 

185.  44.  28 

46,81 

12.  22. 

57,9 

3.087 

98.  17.  26 

+  19.95 

, 

513 

185.  54.  40 

46,03 

12.  23. 

38,7 

3.069 

90.  14.  51 

+19.9+ 

514 

f  Virginis 

6 

186.  29.  54 

46,20 

12.  25. 

59.6 

3,080 

04.  40.   18 

+09,92 

j 

515 

X  Virginis 

5 

187.     6.  28 

46,80 

12.  28. 

t 

25,9. 

,3,087 
3,083 

p6.  50.   11 

+Xa9o 

1 

516 

187.  10.  18 

46,24 

12.  48. 

41,1 

94.  b(y.  30 

+  19^89 

i 

517 

1.  7  Virginis 

3 

187.  45.  50 

46,03 

12.  81. 

3,3 

3,069 

90.  17.  41 

■.+i9,8d 

i 

518 

?.  V  Viri^inis 

187.  45.  54 

46,03 

12.  31. 

3,5 

3,069 

90.  17.  46 

+I9.8d 

519 

»  ° 

189.  10.  47 

46,31 

12.  36. 

43,1 

3,087 

95.     9.     0 

+ 19,79 

520 

< 

7 

189.  49.  20 

46,41 

12.  39. 

17,3 

3,094 

96.  29.  12 

+  19.73 
•+ 19,73[ 

521 

190.     7.     8 

46,59 

12.  40. 

28,5 

3,106 

99.  11.  25 

522 

Virginis 

7 

190.  36.  58 

46,18 

12.  42. 

27,9 

3,079 

92.  24.  27 

+  19,70 

1 

523 

^  Virginis 

5 

190.  51.  50 

46,58 

12.  43. 

27,.S 

3,105 

98.  23.  38 

+ 19,69 

5^4 

^  Virginis 

3 

191.  15.  51 

45,71 

12.  45. 

3,4 

3,047 

85.  27.  29 

+19.6d 

« 

5i5 

k  Virginis 

6 

192.  13.     1 

46,22 

12.  48. 

52,1 

3,081 

92.  40.  30 

+  19,60 

■    1 
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Right 

Annul 

Right 

Annul 

Nomb. 

Nunc 

! 

Vuin. 

AKcdDon 

ViiiiC 

North  poll! 

Annul 

of 

udPLicu 

in  Deptej. 

+ 

inTimt. 

^ 

'      DiltlDCe. 

Phco. 

Sun. 

of  thtSun. 

fr 

A.    U.     a. 

S. 

tl.     u.     s. 

s. 

~r 

M-      B. 

s.     . 

526. 

X  Virgin  il 

3 

192.  56.     1 

45.06 

12.   51,  44,1 

3.004 

77 

54.  30 

+  19.53 

637 

7 

1,03-  16.  36 

46,22 

12.  53.     6,4 

3,081 

92. 

31.  37 

+  19.51 

■628 

t  Virpmis 
lv.re.ais 

5 

194.  13.  47 

46,85 

12.  56.  55,1 

3,123 

.99- 

36.  46 

+  19,43 

529 

4 

19+.  4ti.  34 

46,41 

12.  59.     6,3 

3,094 

94- 

24,  46 

+  19,39 

530 

VirgmiB 

195.  13.  St. 

47,44 

19.     0.  54,5 

3, 1 63 

105. 

3.  24 

+  19.34 

531 

7 

195.  49.  12 

*5,77 

13.     3.  16,8 

3,051 

87 

25.  23 

+  19,23 
+  19,1^ 
+  I9.t« 

532 

196.  52.  23 

47,81 

13-     7.  29.  i 

3,187 

107. 

7.  42 

533 

y  HydrK  cont 

4 

196.  53.     7 

48,38 

13.     7.  32,5 

3,225 

112. 

3.  26 

534 

9 

197.  +5.  56 

47,27 

13.  11.     3,7 

3,151 

101. 

28.  23 

;+ 19,09 

335 

Virginis 

197.  57.     2 

47,87 

13.   11.  48,1 

3,191 

106. 

37.  43 

!  +  l9.oS 

536 

K  Vii-ginis 

1 

198.  33.  21 

47,15 

13.  14.     9,4 

3,143 

100. 

3.  33 

+  19,01 

537 

i  Virginis 

6 

19s.  54.  50 

47.35 

13.   15.  39.3 

3,157 

101. 

36.  32 

1+18,9? 
+  18.94 

538 

Vireitiis 

199-     4.   13 

47.76 

13.   16-  16,9 

3,1s* 

104. 

52.  38 

539 

7 

199.  37-  27 

46,05 

13.  18.  29,8 

3,070 

90. 

16.     4 

+18,84 

540 

1.  1  VirginU 

7 

199-  52.  27 

46,66 

13.  19.  29,8 

3,111 

95. 

22.  47 

+  19,8^ 

5+1 

J  IVirgini. 

6 

200.  16.    9 

46,65 

13.  21.     4,6 

3.110 

:  95. 

9.  50 

+  ie,8i 

543 

jy.rg.m. 

6 

200.  29.     2 

47,15 

13.  21.  56,1 

3.143 

'  99. 

4.  32 

■  +  18.7* 

543 

fVirtii.H 

3 

201.     0.  25 

45,96 

13.  24.     1,7 

3.06-^ 

1  89. 

30.  59 

+  18,74 

544 

S.lVirginU 

6 

201.     9.   19 

46,57 

i3.  24.  37,3 

"3,105 

i94. 

19.  12 

+  18,7 

545 

[D  V.rginis 

(i 

202.  39-   18 

47,05 

13.  30.  37,2 

'3,137 

'  97. 

33.  11 

!+iS,5 

546 

7.8 

203.  15-     0 

46,63 

13.  33.     0,0 

3,109 

■  94. 

26.     1 

1 

+  18.4: 

547 

7 

203.  23.  43 

47.88 

13.  33.  30.9 

3,192 

103. 

9.     4 

+  18,4 

548 

203.  41.  40 

47,64 

13.  34.  46,7 

3,176 

101. 

22.     1 

+  18,36 

549 

204.     0.  27 

4S,48 

13.  36.     1,8 

3,232 

106. 

47.  58 

+  18,39 

550 

204.  37.  28 

48,59 

13-  38.  29,8 

3,239 

107. 

4.   46 

+  18,23 

551 

,Un., 

2 

204.  48-  58 

35,68 

13.  39.  15,9 

2,392 

39- 

37.    59 

+  18,20 

552 

p  Virginis 

6 

205.  59.    15 

46,09 

13.  43.  57,0 

3,073 

90 

27.  43 

+  18,02 

553 

7 

20?.  15.  34 

47,17 

13.  49.     2,2 

3,145 

97. 

7.  52 

+  17,83 

554 

208.  IS.  59 

47,40 

i3.  53.  15,9 

3,160 

98. 

14.   28 

+ 17.65 

555 

9  Ceutnuri 

a 

208.  36.   13 

52,8  ■> 

13.  54.  34,9 

3,521 

125. 

19.  27 

+  17,60 

556 

7.S 

aoe.  48.   7 

47.36 

13.  55.  12,5 

3,157 

97. 

52,  42 

+  17,57 

557 

6,7 

208.  54.  3'4 

47.43 

13.  55.  38,2 

3,162 

98. 

18.   11 

+  17,54 

558 

s 

208.  57.  23 

48,65 

13.  55.  49,4 

3,243 

105. 

10.  33 

+  17,54 

559 

6,7 

209.  51.     3 

48.7  ■S 

13.  59.  24.2 

3,250 

105 

18.  a 

+ 17,38 

560 

■  Vi.g.Di. 

+ 

210.   25.   51 

47,6s 

14.     I.  43,4 

3,179 

99 

17.  19 

+  17.29 
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« 

Right 

1 
Annual 

Right 

1 
1 

! 

•Annual 

North  polar 

Annaal 

Numb. 

Names 

3 

Ascension 

Variat. 

Ascension' 

Variat.  ; 

Distance. 

Fleets. 

of 

and  Places 

c 

in   Degrees. 

+ 

in  Time. 

•    4- 

Stars. 

561 

of  the  Stars. 

ft 

• 

D. 

M.      S. 

S. 

11.     M.     S. 

s. 

D. 

M.      S. 

S. 

210. 

51.  53 

46,91 

14.     3.  27.5 

3,127 

9i. 

57.  4i 

'-T  17J1 

562 

1  Virginw 

4 

211. 

15.  30 

46,93 

14.     5.     2,0    3,129: 

94. 

59.    8 

+  17,15 

563 

aBootis 

1 

211. 

31.  54 

42,14 

1 4.     6.     7,6 

2,809  , 

69. 

41.  55 

-ir  17,09 

564^ 

X  Virginis 

4 

2U. 

56.  40 

48,35 

14,    7.  46,7 

3,233  i 

102. 

23.  41 

+  \wi 

565 

8 
8 

212. 

13.  14 

47,10 

14.    8.  52,9 

3,140  ! 

f 

95. 

46.     8 

+  16,96 

566 

212.  53.  26 

47,32 

14.  11,  33,7  3,155 

96. 

47.  35 

+  16.84 

567 

Librse 

8 

213. 

2.  25 

48,09 

14.  12..    9,7  3,206 

100. 

44.  40 

4-  16t81 

568 

8 

213. 

29.  17 

48,45 

14.  13.  57,1 

3,230 

102. 

23.  34 

-f  16,72 

569 

8,9 

214. 

6.     0 

48,49 

14.  16.  24,0 

3,233! 

102. 

24.  19 

4-  16,60 

570 

1 

8 

7.8 

214. 

20.     8 

47,82 

14.  17.  20,5 

3,188  ; 

99. 

3.     5 

-{16^ 

571 

215. 

45.  53 

50,17 

14.  23.     3,5 

3,345 

109. 

30.  '25 

+  16,27 

572 

7.8 

216. 

28.   15 

48,42 

14.  25.  53,0 

3,228 

lol. 

24.  21 

-f  16,12 

573 

, 

7,8 

216. 

56.  13 

48,07 

14.  27.  44,9 

3,205 

99. 

38.  12 

-f  16,02 

574 

8 

217. 

40.     7 

48,48 

J  4.  30.  40,5 

3,232 

101. 

19.  33 

+  1537 

575 

fjt  Virginis 

4 

7,8 

218. 

0.  19 

47,04 

14.  32.     1,3 

3,136 

94.  43.  53 

+  15,80 

576 

218. 

34.  38 

50,64 

14v  34.  18,5 

3,,376 

110. 

16.  18 

4-  15,67 

577 

7,8 

218. 

49.  55 

50,71 

14.  35.  19,7 

3381 

110. 

25.  50 

+  1.5,62 

578 

/x  Librae 

5 

219. 

27.  36  ;  49.02 

14s  37.  50,4 

3>26S 

103. 

15.  37 

+  15,48 

579 

Librae 

2,3 

219. 

46.  36 

49,48 

14.  39.     6,4 

3,299 

105. 

6.  40 

-f  15,41 

580 

a.  Libra; 

6 

'219. 

49.  28 

49,50 : 

14.  39.  17,9 

3,300 

105. 

9.  24 

+  15,40 

581 

1.  1  Libnc 

220. 

45.  10 

48,57 

14s  43.     0,7 

3,238 

101. 

1.  46 

+  15,19 

582 

2.  f  Librae 

6 

221. 

21.     3 

48,49 

14.  45.  24,2 

3,233 

100. 

33.     1 

4-  15.05 

583 

221. 

43.     7  ;  48,44 

14.  46.  52,5 

3,229 

100. 

17.  59 

4-14,97 

581. 

6,7 

221. 

53.  33 

48,45 

14.  47.  34,2 

3,230 

100. 

17.  13 

+  14*93 

585 

^  Librae 

4,5 
3 

222. 

26.  47 

47.84 

14.  49.  47,1  j  3,189 

97. 

40.  26 

+  14,79 

586 

222. 

57.  18 

52,23 

14.  51.  49,2 

3,482  1 

114. 

26.  33 

4-  14^67 

587 

1 .  7  Libr.c 

5 

223. 

44.   12 

49,84 

14.  54.  56,8 

3,323  . 

105 

25.  45 

-f  14,48 

588 

2,  y  Librae 

7,8 

223. 

46.  57 

49,91 

14.  55.     7,8 

3,327 

105. 

39.  29 

4-  14*47 

589 

1.  i  I  librae 

4 

225. 

4.   18 

50,90 

15.     0.  17,2 

3,393 

108. 

58.  58 

4-  14f,17 

590 

2.  *  Librae 

7,8 
7 

225. 

20.  52 

50,89 

15.     1.  23,5 

'                          .UK 

3,393 

108. 

50.  ^6 

-f  14,09 

591 

226. 

3.  43 

51,74 

15.     4.  14,9 

3,449 

111. 

36.  28 

4-  13,92 

592 

/3  Librae 

2 

226. 

26.     7 

48,21 

15.     5.   W,4 

3,214 

98. 

35.  44 

i  4-  13,82 

593 

9 

227. 

1.     4 

48,18 

1 5.     8.     4,3 

3,212- 

98. 

21.  57 

j  4-  13,67 

594 

1 .  0  Librae . 

7 

227. 

19.  40 

4i),91 

15.     9.  18,7 

3,327  1 

104. 

46.  41 

!  4-  13,59 

595 

6,7 

228. 

4.     3 

49,08 

15.  12.  16,2 

3,272  i 

1   101. 

36.  23 

.  4-  13,39 
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Kijl't 

Annarf 

Risht 

AuiUl 

Honh  pd.1 

Auuil 

Numb. 

Nimci 

i 

Auxniion 

V«i*t. 

Aicciu 

MKl 

Vuvu 

Wtna 

Freed. 

of 

>nd  Plico 

ID  Til 

+ 

Sl.rt. 

of  tbt  Stirs. 

■ 

».      M.    i. 

S. 

H.      M. 

>■ 

«■ 

D. 

M. 

^ 

*. 

596 

.Librx 

4 

898.  IB.  42 

48,53 

15.  12 

S0,8 

5,235 

99. 

35. 

9 

-?-  13,36 

597 

I,  f  Litre 

4 

829.     6.  38 

50^35 

15.  le. 

36,5 

3,357 

105. 

58. 

13 

+  13,12 

698 

239.  25.  59 

50139 

15.  17. 

43,9 

5,373 

106. 

42. 

3 

+  13,04 

999 

3.  f  Libre 

229.  44.  51 

5*37 

15.   18. 

51.4 

3.,358 

105. 

52, 

29 

-t-  12.97 

600 

7.8 

228.  5&     2 

51,40 

15.  19. 

40,1 

S.4J9 

!09. 

25. 

57 

+  12,91 

601 

7 

430.     8.  44 

51,30 

IS.  30 

34,9 

3.4i0 

108. 

56. 

2S 

+  I2,8i 

602 

4.  f  Libor 

S30.  la  18 

50^46 

15,  21. 

3.2 

3,3«5 

106 

7. 

96 

+  12,8S 

60S 

230.  2a  58 

54,01 

15.  21. 

55,9 

3,601 

117. 

19. 

24 

+  12,76 

604> 

^Libni 

3,4 

2S0.  57.     4 

49i9a 

15.  2S.  48,3 

3,328 

I04. 

4. 

31 

+  12,(i3 

605 

231.     4.  45 

54^11 

15.  24. 

I£M) 

3,607 

117. 

25. 

25 

+  I2,6t 

606 

8 

231.  13.  40 

53,.W 

15.  24. 

St.7 

3.567 

115. 

S4. 

T 

+  12,56 

607 

9 

231.  34-  29 

49.87 

15.  26. 

17.9 

3.325 

103. 

47. 

6 

+  12,47 

608 

8 

2S1.  42.     8 

49,89 

15.  26. 

46,.! 

3,326 

t03. 

46. 

31 

+  12,43 

609 

931.  42  41 

51,31 

15.  28. 

50,7 

SA21 

ro8. 

35. 

39 

+  W,43 

6iO 

Libr* 

7 

231.  58.  33 

52,76 

15.  27. 

545 

3,517 

113. 

7. 

12 

+  12,^6 

611 

« Libra 

4 

232.  28.  14 

51,49 

15.  29. 

.«,9 

3,433 

108. 

58. 

56 

4-  12,22 

'    613 

S 

292.  4*.  54 

50i39 

15.  SO. 

59.6 

3,339 

105. 

19. 

29 

+  1^14 

613 

»LSn 

4 

233.     4  21 

50131 

15.  39. 

17.4 

3,354 

ro4. 

59. 

19 

+  t^OS 

614 

•  SeipentB 

233.  29.     5 

44*01 

IS.  38. 

56,3 

3,034 

82. 

54. 

7 

+  11,93 

615 

bScorpii 

6 

234.  95.  44 

53,67 

IS.  36. 

sw 

3,578 

ri5. 

5. 

48 

+  11,62 

616 

1.  aScomi 

5 

235.  15.  83 

58,59 

15.  41. 

SI 

3,573 

114. 

41. 

0 

+  1M2 

617 

i-Ubrx 

4 

435.  17.  34 

51,86 

t4.  41. 

10.S 

3,4,77 

109. 

31. 

24 

+  11,41 

1    618 

9  Ubrv 

4 

235.  aa  21 

50,7& 

15.  41. 

5S.4 

3,386 

106. 

5. 

56 

+  11,96 

619 

a.  aScoifii 

7,8 

2as.  sr.   9 

53,58 

15.  42. 

« 

3,572 

114. 

3«. 

16 

+  11,35 

620 

8 

235.  51.     6 

51,65 

15.  43. 

»/t 

3.44a 

108. 

44. 

47 

+  11,25 

6S1 

f  Scorpu 

4.3 

235.  S9.  15 

56^5 

15.  43. 

57,0 

3,670 

118 

35. 

1 

4  n,ei 

623 

rSaarpii 

3 

296.  S3.  38 

54,00 

15.  46. 

10,5 

3,600 

H,5 

29. 

33 

+  UfiG 

629 

^Librx 

296.  36.  51 

50,09 

15.  -W.  27A 

9.339 

B0.3 

39 

5! 

+  ii,m 

4  10,9  J 

62* 

iSootfd 

S,2 

296,  59.  11 

58,82 

15.  47. 

56,7 

3421 

'  1112 

0. 

27 

6es 

7 

837.  40.  17 

54^01 

15.  59. 

4t,l 

3,601 

1  ri5 

15 

45 

+  10 -2 

686 

4,5 

23B.  13.  44 

49,26 

1.4  52 

.5ft9 

3,284 

100 

46 

43 

+  10.56 

«87 

I.  ffStoj^ 

4 

298.  18.  46 

£i;97 

15.  53. 

1.5,1 

3,465 

1  109 

12 

52 

+  10,53 

6S8 

2.  $  ScoTrii 

8 

238    18.  S3 

51,87 

IS.  53. 

15,7 

3,466 

109. 

12 

40 

+  10,53 

629 

1.  •.  Scoipii 

5 

238.  38.  17 

52,28 

15.  54. 

SS,1 

:t,485 

!  110, 

5, 

3 

4r   10,41 

6S0 

a  bScorpii 

5 

388.  46.  47 

52,S« 

15.  55 

7,1 

3,491 

110- 

17. 

4 

+   10,»! 
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Numb. 

1 

Namef 

. 

• 

RiS^t 
Ateeasiw  . 

Annml 
Variac 

Right 

^Innual 
Variat. 

North  pdar 
Distiuice. 

1 
IVecea. 

of 

and  PLcts 

1* 

,   in  Decrees*' 

+ 

in  Time* 

-f 

Stars*' 

of  the  Stan. 

• 

M. 

8. 

8. 

if.      M*       S» 

8. 

D.      M.     8. 

8. 

631 

1.  c  Scorpii 

6 

239. 

49. 

47 

55,17 

15.  59.  19,1 

3,678 

117.  51.  la 

^+lft&7 

632 

2.  c  Scoapii 

6.5 

239 

50. 

57 

54,99 

15.  5a  23,8 

3,666 

117i<il&48' 

■t^ 

633 

8 

239. 

56. 

58 

51,96 

15.  59.  47,9 

3,464 

108.  53.  16i 

634 

«  Scorpii 

4 

239. 

57. 

17 

51,96 

15.  59   49,1 

3,464 

108.  53.  57 

•-fio|» 

635 

8 

240. 

32. 

48 

54^13 

la    2.  11,2 

3,609 

ii4w  sa  38 

+  W6 

f 

636 

d  Soorpii 

6,5 

241. 

la  34 

55,40 

16.    5.  183 

3,693 

lia     4.  21 

+  9JS2 

637 

Scorpii 

242. 

a  29 

53,77 

la    8.     1,9 

3385 

lia  88.  47 

+  9t*l 

638 

cr  Scorpii 

4 

242 

6. 

47 

5431 

la   a  27,1 

3321 

115.    4.  16 

+  «38 

639 

8 

242. 

52. 

25 

55,99 

la  11.  29,7 

3,733 

lia  IK  37 

+  9,14 

640 

^  OphiQchi 

5 

242. 

57. 

37 

5235 

16.  11.  50,5 

3,490 

109.  31.  43 

+  9^11 

641 

g  Ophiuchi 

243. 

15. 

19 

53,60 

16.  13.     1,3 

3373 1  112.  5a  45 

+  9,02 

642 

X  Ophiuchi 

5 

243. 

43. 

10 

51,85 

la  14.  52,7 

3*457 1  107.  57.  49 

+  M8 

643 

«  Scorpii 

1 

244. 

a 

21 

54,80 

16.  la  33,4 

33531  115.  5a  55     +'8,75 

644 

7,8 

244. 

37. 

4^7 

54,88 

16.  la  31,1 

3359     lia    S.  53     4.  SJB9 

645 

p  Ophiachi 

5 

244.  47. 

11 
42 

51,27 

la  la  8,7 

^418     106.    a  17     +834 

646 

m  Ophiuchi 

5 

244. 

55. 

52,99 

16.  la  42,8 

3338     111.    a    0 

+  8,49 

647 

T  Scorpii 

4 

245. 

42. 

31 

55,64 

16   22.  5ai 

3,709 

117.  45.  42 

+  8,25 

648 

8 

246. 

34 

48 

5  J, 91 

16.  26.  19,1 

3,461 

107.  44.  42 

+  7,97 

64d 

8 

247. 

3. 

16 

52,73 

la  2a  13,1 

3315 

109.  58.  54 

+  7,81 

650 

7,8 

1 

6 

.247. 
247. 

17. 

15 

51,90 

la  2a   9,0 

3,460 

107.  3a    4 

+  7,74 

651 

m  Scorpii 

21. 

47 

51,79 

la  29.  27,1 

3,453 

107.  la    8 

+  7,71 

652 

7 

247. 

23. 

38 

52,58 

16.  2a  34,5 

3305 

.  109.  30.  23 

+  7,71 

653 

7 

247. 

58. 

27 

OOjSW? 

16.  31.  53,8 

3,729 

;  118.    a    a 

+  7,5B 

654 

f  Scorpii 

249. 

9. 

17 

58,61 

la  36.  37,1 

3,907 

128.  '5a  36 

+  7,14 

655 

Ophiuchi 

8 
8 

249. 

14. 

35 

54,47 

16.  3a  58,3 

3,631 

114.  15.  12     +  7,U 

656 

; 

249. 

42. 

58 

51,47 

16.  38.  51,9 

3,431 

106   10.    6  i  +  6,94 

657 

7 

*^50. 

15. 

40 

52,91 

16.  41.     2,7 

3.527 

110.    2.  48 

i+  6,71 

65S 

Scorpii 

250. 

53. 

.1 

58,28 

la  43.  32,1 

3,885 

122.  54.  2a 

659 

6,7 

251. 

2. 

23 

53,99 

16.  44.     9,5 

3,599 

112.  47.  56 

<+  6,Si 

660 

7,8 
7 

251. 

11. 

11 

52,63 

16.  44.  44,7 

3,509 

109.  11.  28 

'+6,4i 

661 

251. 

46. 

54 

54,80 

la  47.     7,6 

3,653 

114.  45.  17 

+  ^ 

662 

6,7 

251. 

49. 

42 

54.77 

16.  47.  ia8 

8,651 

a  14.  3a  18 

663 

Ophiuchi 

7,8 

252. 

23. 

54 

52,44 

16.  49.  35,6 

8,496 

108.  3a  36 

M-  ^ 

664 
665 

i 

8 

252. 

46. 

33 

55,11 

16.  51.     6,2 

3,674 

J 15.  22.  50 

H-  SSoi 

L 

r 

8 

252. 

57. 

20     55,09116.  51.  49,3  | 

3,67^ 

115.  la  87     \^  5,88]  1 
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CATALOGUE 


rfllinik 

of' 
8tin. 


666 
I.  668 


671 
672 
673 
674 
675 


67.6 
677 

679 
680 


681 
68i2 
683 
684 
685 


686 
687 
688 
689 
690 


691 
692 
I  693 
694 
69$ 


696 
697 
698 
699 
700 


I 


Names 

and  Placet 

of  the  Start. 


K I  Se^Tpii 


r»  . 


r' 


i.S 


Of^iiiclii 


a  Opbiuchi 
Scorpii 


^  Ophiochi 
Scorpii 

^  Opt^nchi 
Ophtuclii 


)  Soorpii 
b  Opbuchi 
c  Opfanidn 
X  Scorpii 


Opfaiiicht 
«  Opbiuchi 

{Seqptmie 


d  Opbiuchi 
p  Sagittarii 


73 
7rfl 
73 
«^7 
S 


5 
5 


8 


4 
8 
8 
7 


7 
5 

5; 

2;3 


8 
2 
7 

S 


7 
6 
6 

73 


73 
6 

73 
6 
7 


I        Riilit 


in 


M.      8* 


253,    5.  7 

253.  25  12 

253.  28.  21 

254.  1.  0 
254.  35.  18 


255.  35.  31 
255.  37.    6 

255.  5a  19 

256.  la  19 
256.  19.  34 


257.    6.  22 

257.  12.  27 

257.  16.  56 

257.  32.  22 

258.  2.  25 


258.  4;  12 

258.  23.  23 

259.  39.  13 
259.  50.  31 
26a  11.  41 


26a  40.  20 

261.  17.  59 

261.  23.  31 

261.  23.  40 

261.  26.     5 


262.  Sa  24 

262.  43.  14 

263.  35.  16 

263.  5a     1 

264.  35.  52 


264.  59.  15 

265.  21.  0 
265.  S3.  87 
265.  36.'  34 
265.  55.  40 


Aimoal 
Vviat. 


53^ 
53,49 
54,48 
52,0.1 
5136 


52,80 
55,60 
55,59 
54,71 
5432 


53,47 
55,02 
55,04 
5639 
53,64 


54,76. 

54,75 

54,71 

6a85 

52,18 


53,96 
4134 
51,49 
51,42 
20,22 


5131 
53,88 
56,49 
56il2 
54^42 


52^91 
49^84 
5%81 
50,01 
5»fiS 


Rithe 
AjoetttkMi 
in  Time 


II.     M.     8. 


6.  52.  2a5 
6<  53.  40,8 
6.  53.  53,4 
6.  56.  4,0 
6.  5a  21,2 


7. 
7. 

7. 
7. 

7. 


2.  22,1 

2.  28,4 

3.  21,2 
5.  13,3 
5.  18,2 


7. 
7. 
7. 

7. 
7, 


a  25,4 
a  49r8 
7,7 
9,4 
9,7 


a 
la 

12. 


7.  12. 
7.  13. 

7.  la 

7.  19. 

7.  2a 


163 
333 
363 
22,B 

46,7 


7.  22. 
7.  25. 
7.  25. 
7.  25. 
7.  25. 


413 
11,9 
34,0 
34,6 
443 


7.  80.  373 
7.  3a  52,9 
7.  34.  21,1 
7.  35.  20,0 
7.  38.  233 


7.  39.  57,0 
7.  41.  24,0 
7.  4a  34^5 
7.  42.  26,3 
7-  4a  42,7 


I 


I 


Aaoual 
'"•liaU 


3338 
3366 
3,699 
8,469 
3,424 


8320 
3,707 
a706 
3,647 
3,641 


3,565 
3,668 
3,669 
3,759 
3376 


3,651 
3,650 
3,647 
4,057 
3,479  I 


3,597 
2,761' 
3,4a^ 
3,428 
]348 


3392 
3,766 
3,741 
3,628 


3327 
3,323 
3,?21 
3,334 
3,577 


Nortk  polar 
Dttttnce. 


D.      M.     8. 


10.  10    58 

11.  15.  18 
16.  12.  37 
07.  la  48 
05.  26.  55 


09.  14.  22 

6  14.  18 

6:  12;  51 

4.  2.  23 

a  49.  17 


0.  52.    6 

4.  43.  59 

4.  46.  15 

7.  55.  17 

1.  la  37 


4.  2.    0 

a  57.  46 

a  46.  52 

26.  55.  54 

07.  19.  36 


11.  5S.    1 

77.  16.  18 

05.  25.  32 

05.  14.  65 

37.  32.  12 


05.  26.  15 

11.  33.  42 
17.  4a  65 
la  52.  45 

12.  50.  11 


09.    2.  52 

00.  4a  47 
08^  44.  61 

01.  la  31 
H>.  5a  49 


•^ 


Annual 
Preat. 


+ 


-I- 
+ 


+ 
+ 

+ 
+ 


+ 
+ 


+ 
+ 

+ 


53: 

5i7i: 

5,71 

5;52 

533 


439 
437 
4,90 
4,74 
4,73 


4,48 

4,42 
4,33 
4,16 


4,15 
4,04 
3,60 
3,54 
3,41 


S,i6 

3,00 
3,00 
2,99 


+  «^ 

+  %s^ 
+  «.si 

+'  1,88 


1,75 
1,63 


tin 


I 


(  S40  y 


MAYESTb  CATiXOQUE  OF  THB  PBINCIPAL  STABS. 


• 

Numlk 

of 
Sun. 

•nd  Places 
•f  tht  Sun. 

Right 
Aiccji^on 
ia  Degrees. 

AoQOtl 

Vaiitf. 

[Right 
Asceaskm 
in  Thne. 

Anau^ 
Variat. 

1 

1     North  pdtr 
1       DifCMCti 

Aonnl 
Roeccfc 

ou  M.  a. 

8.. 

H,      lif.      8. 

8. 

D.      M.     8. 

8. 

701 
702 
709 
704 
705 

L  StgitMni 

6.7 
6 

7,8 
6,7 

£66.    8.  41 
£66.  44.  41 
£66.  4a  48 
£66.  5^.  48 
K7f  17.  48 

51,66 
54,84 
55,08 
56,48 
54,4£ 

17.  44.  14>7 
17.  4a  58,7 
17.  47.  19,8 
17.  47.  80,8 
17.  49.  11,2 

8,444 
3,656 
8,669 
8,562 
8,628 

105.  45.  2£ 

113.  4a  40 

114.  14.  48 

iia  la  16 

iia  4a  £8 

- 

■                                  « 

706 
707 
708 
709 
710 

aSilpiHrii 

wgiitsni 
7  Draetnis 
y  Sagiltvii 

8 

2 
8 

£67.  «i  ^1 
£67.  84.  48 
£67.  45.    £ 
£67.  5a  28 
£6&    4.  52 

55,04 1  17.  4a  59^ 
54^40 1  17.  m.  IHfi 
55,08 1  17.  51.    0^1 
£0,83 1  17.  51.  45,5 
57,77     17.  BSL  19,5 

8^9 
8>627 
8y672 
1^9 
8>851 

114.  15.  44 
112L  41.  57 
114.  £01  45 
S8.  28.  44 
1£0.  £4.  23 

+  og85 

+  a79 

+  *,72 

711 
71« 
TJS 
714 
715 

1.  pSagittari 

7,8 

6 

6,7 

1 

£6&  89l    8 
£6a  41.  45 

£6a   a  n 

£6a  48.  88 

£7a  la  11 

58,89 
56,86 
57,94 
5438 
58,75 

17.  54w  86,2 
17.  &k  47,a 
17.  5a  88^2 

17.  5a  54,2 

18.  1.  12,7 

8,593 

9,792- 

*868 

8^655 

8^3 

111.  £8.  50 
lia  £7.  S$ 
l£a  44.  £1 
113.  40.  £8 
111.    5.  44 

+  0.47 
+  M6 

ff  o,ao 

+  0^10 
—  OilO 

716 

717 
718 
719 

730 

2.  pSagktani 

^Si^ttarii 

1  Sogittani 

7 

4 

7 

S 

2fi 

£7a  £4.  45 
27a  40.  28 

270.  40.  50 

271.  5a    8 

272.  33.  30 

54,0£ 
53/52 
63,51 
57,54 
69,76 

la     L  86,9 
18.    2.  41,5 
la    2.  48,3 
la     7.  32,5 

la  la  14,0 

8^1 
8,575 
8,567 
8,836 
3,984 

111.  44.  59 

lia  4a  £0 

I'la  £5.  54 

'  119.  59.  51 

124.  27.  47 

-.-0S90 

721 
732 
728 
794 
73S 

X  Sagittarii 

6i 
4 

7,8 
7 
6. 

278.  12.  41 

273.  46.    8 

274.  a  10 
274.  27.  49 

.  274.  45.    7 

53^ 
55,57 
55,50 
52^84 
5^91 

la  1^  50,7 
la  15.    0,5 

la  la  24,7 

la  17.  51,8 

la  la   OfB 

8,571 
3,705 
8,700 
3,528 
3,527 

110.  38.    7 
115.  31.     2 
115.  22.  14 

108.  50.  37 

109.  1.  le 

—  W2 
-1.31 

.-lt<?S 

—  1,06 

.   79S 

;   727 

798 

7S8 

7S0 

7 

8 

6,7 

7 

274.  47.     2 
276.    2.    2 

275.  la  58 
275.  1-2.  40 
275.  15.  49 

52,71 
52,94 
51,87 
52,70 
54,98 

la  la  8,1 

la  20.    8>1 
la  20.  48)8 
la  20.  50;7 

la  21.   $,s 

3|514 
3,529 
3,425 
3,513 
3,865 

'  108.  31.  42 
109.    6.  18 
105.    0.     6 
108.  30.     7 
114.  la  20 

—  1,76 

—  1^1 

—  13? 
-^  1.94 

781 
732 
733 

734 
786 

• 

• 

6,7 
8 
7 

7 

275.  24.  47 
275.  25.  25 

275.  45.     7 

276.  11.  13 
276.  19.  56 

51,86 
55,06 
53,05 
53,02 
53,89 

la  21.  39,1 
18.  21.  41,6 
18.  23.     0,5 
18.  24.  44,9 
18.  25.  19^7 

8,424 
3,651 
3,537 
3,535 
3,593 

104.  59.  36 
114.  21.  57 
109.  24.  51 
lOa  21.  56 
111.  33.  10 

—  «,01   ' 

—  %i6  ; 
-4  2;«)  t 

• 

(  <«  ) 


MiiYKR'.  CATAIXIGUE  OP  THE  PRINCIPAL  STARS. 


tfaah. 

N.ma 

1 

Axtaata 

Annuri 

1 

Right 

Annul 
V.ri«t. 

Narih  polar 
Diiuncc 

AaDu>l 
Preccs. 

of 

and  Plata 

in  Dtsrcti. 

+ 

inrmie. 

+ 

Sun. 

of  the  Swit 

' 

D.       M.       S- 

S. 

H.       M.      S. 

8. 

V.     «,     s. 

S, 

7S6 

7,8 

876.  25.     1 

52,26 

18.  25.  40,1 

3,484 

107.  23.  30 

~-&,2* 

737 

7 

276.  26.     5 

54,75 

18.  25.  44,3 

3,650 

113.  39-  57 

—  g24 

—  2|59 

738 

7 

276.  35.  33 

53,74 

18.  36.  28,2 

8,583 

111.:  11,    11 

739 

cLyra 

1 

277.  27.     8 

30,16 

18    99.  48,5 

2,011 

51.  8*  17 

740 

?  SagiUjrii 

* 

878.     7.  55 

56^1 

18.  32.  31,7 

^7*7 

117.  11.  18 

-e;84 

7*1 

7,8 

278.  2*.  17 

53,16 

18    S3.  37,1 

3,544. 

109.    «.  29 

-2,93  ' 

7*2 

8 

278.  50.  58 

53,42 

18.  35.  23,9 

3,561 

110.    98.  58 

-  «,09 

7*3 

279.  18.     6 

53,43 

18.  37.   12,4 

3,562 

110.    32   45 

—  S,2*  , 

7** 

8 

279.  33.  18 

54,16 

IS.  36.   13,2 

3,611 

112.   23,     6 

-8,33 

7*5 

« 

279.  52.  53 

54,06 

18.  39.  31.5 

3,60* 

112,      8.  5* 

~  ft**  \ 

746 

26a  31.  *3 

58,63 

18.  ♦1.  26,9 

3,589 

ill.   35.  59 

-S,60 

7*7 

I .  r  Sagittarii 

5 

280    22.  20 

54,38 

18.  41    29,3 

3,625 

112.  59.     7 

—  S^l 

748 

-i  Sagittarii 

3 

280.  32.  58 

55,86 

18.  42.  11,8 

3,724 

116.    S2.   18 

-3167 

7*9 

5 

280.  36.   16 

54,35 

18.  42.  25,0 

3,623 

112,   54.  55 

-3,69 

750 

1.  i  Sagittarii 

7 

281.  12.  5S 

53,53 

18.  44.  51,5 

V69 

110,   54.  K 

-3,90   . 

751 

2.  J  6agi(tarii 

* 

281.  17.  58 

53,71 

IS.  *5.   11,9 

3,581' 

111,   21.  50 

-3^3 

752 

8 

281.  25.  55 

53,44 

18.  45.  43,7 

3,563' 

112,    41,     9 

-3:98 

758 

6,7 

282.  14.  33 

54,33 

18.  48.  58,2 

3.621 

112.    58    25 

—  4^5 

75* 

^SajpttJnii 

3 

282.  18.  36 

57,40 

18.  49.  14,4 

S,827  ■ 

120.     9,  42 

-♦,27 

755 

7 

282.  40.     4 

54,19 

18.  50   40,2 

3,613, 

115,     6.  55 

-MO 

756 

0  Sagiturii 

* 

283:     1.  23 

53,92 

18,  52.     S,5 

3^951 

112.     1.  52 

—  4,52 

757 

rSagitUm 

♦ 

283.  27.  20 

56,36 

18    5a  49,^ 

3,757' 

177.  57,  24 

—  4.66 

758 

7 

283.  34.     9 

56,79 

16.  54.  16,6 

3,7861 

118.  56.  28 

—  4,70 

-in 

758 

8 

283.  35.     2 

5*,21 

18.  54.  20,1 

3,614! 

112.  48.     8 

7fil 

7,6 

283.  51.     4 

55,08 

18.  55.  24,3 

3,672  i 

114.  57.  57 

-4.79 

B  Sagittwii 

3.4 

28*.  19.     * 

33,61 

18,  57.  16,3 

3,5741 

111,  90:  as 

—  4,05 

762 

7,8 

28*.  21.  11 

53,13 

18.  57.  3*i7 

3,542 

110      7.  40 

-♦.66    ! 

76S 

8 

28*.  58.  4a 

53,84 

18.  59:  54,9 

3,589, 

ill    59,  20 

—  5.18    ' 

76* 

8 

284.  59.  2S 

51,18 

18.  59.  67,7 

3.412 

104.  5*.  59 

—  ^19    I 

765 

6,7 

285.     *.  90 

B5,56 

19.     0.  17,3 

3,704, 

116.  14.  90 

-5,21 

766 

4-SBgitwrii 

6 

285.  Sa  49 

55.27 

19.     2.  39,3 

3,685  i 

115.  ss:    r 

—  5,41 

767 

7 

285.  41.  18 

54,82 

19.     2.  44,8 

3,655 ' 

11*.  3)      * 

-5,42 

768 

9      285.  55.    * 

52,17 

19.     3.  +0,3 

3,478' 

107.  41.  2^ 

-5.50 

76S 

aiSiglturii 

6      286.  20.  11 

58.76 

19.     5.  90,7 

3.517' 

109.  18.  34 

—  5.64 

77^       '     "              1 
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1216;  Mebcator's,  1226. 
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aK4DJLirKRE,  whalitis,  4§,,,  ,       ,       . 

R. 

REFEAjpTfQ^^  i^  effect,  174;  how  found,  175  to 
180 ;  l^  it.i^i^at  different: altiUides,  181,  186; 
ratio  of  the  sines  of  incidence  and  refraction  out 
of  a  vacuum  into  air,  how  found,  188  ^  to  find 
the  radius  of  curvature   described  by   a  ray  of 

.  light  in  the  atmosphere,  193 ;  its  effect  upon  ob- 
jects on  the  earth's  suriace,  194  to  198;  how 
i^uch  it  shortens  the  earth's  umbra,  201 ;  it  varies 
at  diflferent  times  of  the  day,  and  of  the  year, 
ap3 ;  how  it  varies  with  the  variation  of  the  weight 
and- temperature  of  the  air,  204;  causes  the  sun 
at)d  moon  to  appear  of  an  oval  figure,  207. 
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SAJlSLLITES,  wh9t  they  are,  71,;  tevol««  about 
their  axes,  406 ;— Of  Ji^iier— their  periodic  tiraei* 
and  disUnces,  409  to  418;  their  equations,  419 
to  426 ;  their  ecUpses,  427  to  432 ;  variation  of  the 
mclination  of  their  orbits,  and  libratioa  of  the 
nodes,  433  to  440 ;  nodes  of  the  orbits,  441  to 
447;  their  magnitudes,  448,  463  4  tlicir  quantities 
of  matter,  449;  their  epochs,  450  to  452;  their 
configurations^  453  t»  455 ;  when  the  immersions 
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ukI  distances,  471  ;  position  of  their  orbits,  474^ 
their  nodes,  475;  mean  imolions,  ^  476 ;  revolve 
about  their  axes,  477 ;  two  more  satellites  disac^ 
vered  by  Dr.  Hirschel,  478;  their  dis^oce^ 
and  sidereal  revolutions,  479 ;  tables  of  all  th^if 
motions,  480 ;  configurations,  481 ; — Of  th^  Geor^, 
^an— synodic .  reyplutions,  ^  y  tlieir  4uS^ances» 
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485;  nodes  and  ineKhatibnB}^486v«notion  of  their 
oibits,  1098.  *^*^  ^         * 

Saturn,  its  opposition  fbt]hd;2d&;  its  mean  motion 
found,  239;  its  secular  lequatibn,  245,  246;  ita 
tropical  and  sidereri  rt?oli^6b*,  and  secular  mo- 
tion, 247;  greatest  equation' 'Wits  orbit,  cxcen- 
tricity,  and  place  of  its'tfphdliw;t552;  motion  of 
its  aphelion,  2724  plabe'dfitsWWi^;' 288;  inclina- 
tion  of  its  orbit;  286;  ta'dtion'^  its' nodes,  288; 
time  of  its  'rotation,  401 ;  its  iK>^,  487;  when 
invisible,  489^  ditided;  490';;Tmiignitlide,  491; 
nodes  and  incHhatibn,  49^10  49tf;  its' ajJpearance, 
498 ;  density  and  q^txtiiMf  of  rtiattct>  1067 ; 
light  and  heat,  106& ;  *  thi6klO(n  '  of  iiie  tiodcs, 
change  of  iticlinatimi;  10^9:  r     . 

Seasons,  vtirieiy  or,  S9.     '' r         »''-    '•  •'     : 
Stfco/irftf ri«,  to  a  great  drcle,  8.  *  ^'  ■   ^  >'■* 

Signf,  of  the  ediptic,"  S9i  iiortherrt>  soutHerin, 

ceiWing,  desceridiftg,  ^.    •    "     '  -' 

Spfufh,  oblique;  78;  i'i^;i7^;|.i^rallel; 80.  '>1*^  ' 
&izf^  fixed,  73 ;  circompolarv  78^fck>^^]lB^  tjp^ii^ 
&c.  699 ;  tlieir  annual  paralUxx.7Qik,  :WQ»y  -mvu*. 
changeable,  disappearing;'  7.^^:  :to .  7 18 ;  jfiebilJN»t 
719;  nebulous,  790;  th6h-:  etesttilaliottsiii  I  Sl^l; 
their  catalogues,  723;  their  proper  itt)tio*8,:'724. 
to  730;  how  to  know.them»«7B3w>  .  •. 

Sun,  ita  apparent   diurnal   tnotlon  desqribedj-SJ^ 
time  of  its  rising  found,  89.;  wheftiUshadp^sjC^ 
a  perpendicular  olject  goes.  backwaj:d,.99;  qpt. 
oo  the  nwridkn  at  Wo'clvcfc  lOqi;  hoV:lopg:iflL. 
passing  tho'  %Decidiaj?,  108^— -the  bprizontp)  wire 
of*  telescope^ WOKrTtb^;per|we^icplar  wire.  111 ;,  \k 
it^dia(ne|^riiji,|-ight  jwiensiW**  JO^ii.why  ,it.,fpf    ^ 
pears  .of,.an.,pvalj  (or^,4}^f.,  thp^ho^i^ihi^ffJlii. 
its  spote,  ,aHi  infiVpati«p  d|f\4t^fixU.,to.aie,.eclipr., 
tic,  .386,,!38^;  pode  of  i^*  ,eqMftor^.587,,  389; 
time  of  ks  Tptation,  394;.   nature  of.  its  spots,  w 

395.      ..     .  .■■•■•     ■^. 

Syzygy,  w^iat  it  is,  47.        .     .  .,,        „i 

System,  the  solar,  72  ;  of  the  worlds  rules  to  direct, 
us  in  our  enquiries  therein,  209;  of  Ptolemy, 
210;  of  the  Egyptians,  211  ;  of  Tycho  Bbahe, 
212;  the  semi-Tychonic,  212;  the  Copernican, 
213.  ^'' 


T. 


•'M 


B 


TIDES,  cause  of  them,  860}'<h«oTy>  oflhem,  119a 

to  1209.  '  '  .Mil    .*! ...        Tl,  M      .      >  >/\ 

Time,  equation  of»  whatJ  itrii^.  56l^'4•mlfd  fh>i»«lie  ' 
sun's  altitude,  92;  from  the  altitude  of  a  star. 


m^,    .VS6.  uv^i     Wat    UlUw    ^^.^^V 
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INDEX. 


106;  sidereal,  197;  mem  tohur,  199;  eqnilion 
of,  how  to  compute  it,  131,  139;  fidereal,  how 
reduced  to  mean  aolar,  and  the  contrary,  135 ; 
the  difision  of  it,  791  to  804;  proportional  to 
the  area,  919, 805;  periodic,  of  the  planets,  how 
they  vary,  918,  818. 

Thnuiu,  of  Mercury  and  Venus  ofer  the  sun's  disc, 
how  calculated,  611 ;  efftct  of  parallax,  how  com- 
puted, 619  to  693 ;  sun's  parallax,  how  found  from 
m  transit,  696  to  699 ;  necessary  obaenrations  to 
be  made,  634  to637;  where  they  are  visible,  638. 

IVopiei,  what  theyare,'49;  to  find  when  the  sun 
oomcatothem,  145. 

nriiigki,   its  beginning^,  94 ;   when  shortest   96 ; 

leng;th  when  shortest,  97 ;  when  it  just  lasts  all 
night,  89 ;  what  it  arises  from,  906. 

V. 

FENUS,  its  conjunction  found,  938 ;  its  mean  motion, 
941,  949;  iu  tropical  and  sidereal  revolution,  and 
secular  motion,  947 ;  place  of  iU  aphelion,  excen- 
tricity,  and  the  greatest  equation  of  iU  orbit, 
956;  place  of  iu  aphdion,  1269;  motion  of  its 
aphelion,  975;  place  of  its  node,  983;  inclination 
of  its  orbit,  986;  motion  of  its  nodes,  988;  when 
brightest,  390;  when  a  morning  and  an  evening 


star,  393;  time  of  its  rotation,  404;  ita 
aiiher^  404;  the  time  of  its  traaait  over  the  sin's 
dbc  compoted,  611 ;  the  efiect  of  ita  paralbx  at 
the  timnsit  computed,  619  to  693 ;  sun's  panDa^ 
how  found  from  it,  696  to  699;  difierence  of  the 
mcridiana  firand  finom  it,  631 ;  phoe  of  the  node; 
639;  necessary  observations  to  be  made  at  the 
transit,  634  to  637 ;  where  it  is  riaiU^  638;  den- 
sity  and  quantity  of  matter,  1067 ;  light  and  heat, 
1069 ;  motion  of  its  node,  change  of  mdinatioa 
of  iu  orbit,  1079. 
Vdociiyi  how  it  varies  in  any  curve,  806 ;  angohr, 
how  it  varies,  890;.  in  m  conic  section,  817;  int 
right  line,  899  to  895. 

Y. 

YEAR,  Bidereal,^at,  139;  solar  or  tropical,  what, 
139 ;  sidereal,  length  of,  141 ;  tropical,  length 
of,  149, 143,  145;  anomalisUc,  150;  leap,  791. 

z. 

ZENITH,  what  it  is,  93. 

Zodiue,  what  it  is,  34. 

Zodiacal  Light,  731. 

Zones,  frigid,  temperate,  and  torrid,  45. 


■^# 
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THE  END. 
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MAYEE's  CATALOGUE  OP  THE  PRINCIPAL  STABS. 


Numb. 

Nuitt 

1 

Rishi 

Amnil 

Right 

Annuil 

N«thpo 

« 

Annul 

of 

»ndPlMo 

Ascttuion 

AKtni 

"00. 

Vuiii. 

K^no. 

Pwc» 

of  the  Sun. 

in  DeEKti, 

nTImc. 

+ 

b. 

u. 

s. 

6. 

a. 

s. 

S. 

D. 

M. 

s. 

s. 

876 
877 
878 
879 
880 

8 

318 

1. 

33 

51,89 

31 

12. 

5,5 

3,459 

113 

.18 

4 

31     51. 30 

12. 

14.1 

3,424 

HI. 

4.-J 

53 

—14,91 

f  Cttpricorni 

0 

318 

39 

28 
52 

49,29 
51,72 

21 
21 

12. 
14. 

*1,9 
39  ,.5 

3,386 

.3,448 

103 
113 

46 
IS 

7 
21 

—14,94 

319 

10 

il 

51,50 

21 

Id. 

43,4 

3,43i 

n-'. 

42 

36 

—  15,17 

881 
St  2 
883 
8S4 
885 

7 

319- 

J2 

39 

48,9 1 

21 

16. 

.10,6 

3,26 1 

102. 

319 

32 

46 

50,77 

21 

18. 

11,1 

no. 

8 

a  19 

4;. 

16 

49,54 

21 

1*>. 

9,2 

3,303 

lOS, 

SA,«.ru 

y 

3 

ai9 

330 

54 
7. 

It 

28 

50,76 
47.48 

21 
21 

ly. 
so. 

36.7 
29.9 

3.384 
3,165 

110. 
96. 

8. 
36. 

50 

,5 

-15,34 
—15,39 

886 

887 
888 
889 

9 

3TO 

30. 

44 

49.94 

31 

22. 

2,0 

3,339 

107. 

~ 

.17 

320. 

45. 

33 

50,89 

21. 

23. 

2,H 

3,393 

111. 

0 

S* 

—15,53 

t  Capricorni 

330. 

41 

50.93 

21. 

23. 

6,7 

111. 

4 

I't. 

37 

50.68 

31. 

25. 

18,4 

3,379 

110. 

?3 

44 

1  AiuiLrn 

5 

3'^  I, 

3B. 

2b 

47.94 

21. 

SS. 

33,7 

3,196 

93. 

47. 

6 

-15,73 

S,Q1 

y  Ceprieorni 
l.dCapricomi 

4.3 

323. 

6. 

30 

49,93 

21. 

28. 

26,0 

3,329 

107, 

36. 

n 

332. 

31. 

47 

44,28 

21. 

30. 

— I5,9r 

894 

»  Caprico/ui 

322. 

♦3. 

3fi 

50,89 

21. 

30. 

64,5 

3,359 

lOQ. 

4R 

I.K:Bpricanii 

61. 

52 

21. 

31. 

27,5 

3,371 

110 

34 

6 

333. 

27. 

0 

4S,I3 

21. 

33. 

48,0 

3,209 

100. 

2. 

13 

—16,10 

89ti 

X  Ciiprioorni 

5 

323. 

48. 

IS 

48, 6 1 

21. 

35. 

n,2 

102. 

2'.'3. 

51. 

25 

49.65 

21. 

35. 

23,7 

324 

Si. 

54 

48,85 

21 

38. 

lt|,6 

3,257 

103. 

90O 

39- 

45 

4.9.75 

21 

38. 

3s,t 

3.317 

107. 

48 

+P 

—16,35 

o. 

12 

50,11 

21 

40. 

0,8 

3,341 

109. 

35. 

26 

— 16,42 

901 

fCpricorni 

5 

335. 

n. 

30 

48,96 

21 

41. 

49.5 

3,261 

10+. 

31. 

^1 

—16,51 

335 

53. 

14 

49,29 

21 

43. 

32,i; 

3,286 

106 

14 

71 

—16,60 

17. 

4j 

49.  S  2 

21 

45. 

ll.f 

3,331 

y 

32(1 

a^. 

13 

+.'),21 

21 

46. 

20,  ft 

3.381 

inrt 

6' 

906" 

*+■ 

58 

50,30 

21 

46. 

59-9 

3,367 

112. 

10. 

34 

—16,77 

fi 

3'iii 

46. 

2 

48.6<> 

31 

47. 

4.1 

3,2+6 

103 

,tf| 

43 

—1677 

N 

Si? 

S<) 

H) 

49.69 

21 

50. 

S7,." 

3,313 

in.s. 

.'i4 

4 

—  16,94 

.A,.an, 

6 

328 

t>. 

47 

46,60 

31 

.'.2. 

B  Afiuarii 

328 

45. 

;i 

46,26 

31 

55 

0.C 

3,0S4 

6< 

■  Aquaru 

4 

328 

46 

13 

*8,78 

21 

55 

4,9 

3,852 

104. 

63. 

♦* 

-17,J4 

VOX 

U. 

4  4 
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IMk^^'i  CAXiOjOGUROF  TUB  KEINGIFAL  STAB& 


1 



- 

■ 

R«h. 

Aoninl 

Right 

AddiuI 

Nonhpolu 

DittUKC. 

Aumrf 

of 

>nd  Pbcei 

i 

in  IXima. 

T 

Akciumb 
iaTimc. 

.V«Ut. 
+ 

Vkoo. 

Ewn- 

itf  tfacSun. 

I- 

D.     U.     9. 

s. 

U.       U.       3. 

S. 

0.     M.     a. 

s. 

911 

e  Aquarii 

6 

329.  60.  49 

48,27 

£1.  49-  ?i,3 

3,2 18- 

102.  35,  20 

r-l/.33 

- 

9V1 

7.8 

330.  32.   SS 

48.89 

«.     2.  11,9 

3(2  l:V 

103.  i7,  19 

i-ij,« 

9'3 

9  Aqiuiii 

4 

331.  26.     6 

47.51  ' 

■12.     5.  44,5 

3.167 

98.  4S.  J* 

914 

7 

331.  86.  43 

47,72 

22.     5.  4t>,& 

3,181 

JOO.     4.  4* 

-^ 

•915 

,  Aqu.rii 

5,6 

3*2.  17.  10 

47,17 

22.     9.     8,7 

3,165 

98.  5«.     4 

-^7i 

9lfi 

y  Aquvrii 

3 

332.  +■:.     8 

46,41 

22.    10.  48,5 

3,094 

92.  26.  81 

—1^.81 

91? 

ti 

333.   Ili.rf? 

46.95 

.22.  13.     6,5 

3.130 

95.  53.  39 

— 17J» 

'91» 

7 

33::i.  26.  as 

46,37 

22.  13.  4*,a 

3,091 

92.  14.  46" 

—17,93 

'■m 

7,8 

333.  5C.  56 

47.9* 

32.  15.  81,7 

3,196 

102.  17-16 

—17^ 

•m 

fA,u.rii 

4 

334.  30.  1/ 

46,13 

22.  IS.     I.I 

3,079 

91.     5.  13 

—18,09 

■9!l 

«■  A()uarii 

5 

334.  52.  52 

47,79 

22.  19.  31,5 

3,186 

tOI.  44.  42 

— 18,15 

9il 

7,8 

335.     8.     8 

47,81 

22.  20.  32,5 

3.1(17 

i0\.  SS.  30 

—18,19 

jts 

«  Aquarii 

4 

336.      8.  32 

46.19 

22.  24.  34,  t 

3.079 

91.  11.  33 

— «i3* 

95* 

■  Aquarii 

5 

336.  43.  12 

46,75 

22.  26.  52,8 

3,117 

95.  17.  12 

—18,43 

' 

925 

8 

337.  15.  35 

47,45 

22.  29.     2,3 

3,163 

100,  46.  55 

— 18y*9 

926 

8 

337.  18.  47 

47.05 

22.  29.   15, 

3,137 

97.  33.  13 

—  18,50 

9S7 

8 

337.  59.  32 

47.51 

22.  31.  58, 

3.167 

101.   11.  46 

—  18,59 

928 

7 

338.     0.  45 

47,26 

22.  32.     3,fl 

3,151 

99-  24.    12 

—18.59 

929 

8,9 

3JS.     3.   18 

47,11 

%i.  32.  13, 

.1,141 

98.  18.  32 

—  UjfiO 

930 

7 

338.     4.     2 

47,08 

22.  32.  16, 

3.139 

98.     3.  22 

— 18.«0 

931 

.9 

338.  3+.  31 

47,41 

22.  34.  18, 

3,161 

100.  44.  39 

—18,66 

932 

I.T  Aquarii 

tf 

339.     8.  11 

47,96 

22.  36.  32,7 

3,197 

105.  10.  23 

— 1«.74 

933 

a.  T  Aqiiarii 

6 

339.  36.  S6 

47,85 

22.  38.  27,7 

3,190 

104.  41.  40 

—18,79 

934 

339.  57.  20 

47.04 

22.  39-  49,3 

3,136 

93.  25.     4 

—18.83 

93S 

339.  57.  20 

47.04 

22.  39.  49,3 

3,136 

98.  25.     4 

—  18,83 

936 

J  Aquorii 

4 

340.  24.  50 

47,05 

22.  41.  39.3 

3,137 

93.  41.  30 

—  18.89 

937 

)  Aquarii 

3 

340.  52.  26 

48,02 

22.  43.  29,7 

3,201 

lOfi.   55.  53 

—18.95 

938 

.  Pisris  Au«t 

1 

341.  30.     1 

49,81 

22.  46.     0. 

3,321 

120.  43.  39 

—19,01 

939 

7 

342.  20-22 

+7.09 

22.  49-  21,3 

3,139 

100.     0.      1 

—19,10 

940 

6,7 

342.  57.     7 

46,88 

22.  50.  28^3 

3il25 

98.  19.     0 

—19,13 

941 

$  Pisrium 

4 

343.  13.     0 

45,75 

22.  53.   1.2,C 

3,050 

87.  IS.  22 

— 19,!?0 

942 

&  Pigasi 
I.  h  Aquarii 

2 

343.  24-     2 

43,11 

22.  53.  36, 

2,874 

6*3.     3.  11 

—  19--:  I 

943 

343.  33.     4 

+6,«)o 

22.  54.  I2,a 

3,127 

98.  49.  20 

—19-22 

944 

S.tiAquBrii 

2 

;U3.  34.  3 S 

44,60 

22,   54.   18,. 

2,973 

75.  55.  12 

— iy,23 

945 

'' 

343.  35.  37 

46,9 1 

22.   54.  Z2,t 

3,127 

98.  54.     T 

-19,23 
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MAYER'S  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


Numb. 

of 
Stars. 


9i6 

91*7 
948 
949 
950 

951 
952 
953 
954 
955 

956 
957 
958 
959 
960 

961 
962 
963 
964 
965 

966 
96T 
968 
969 
970 


I  971 
972 
973 
974 
975 

976 
977 
978 
979 
980 


Names 

and  Places 

of  the  Stars. 


3^  h  Aquaiii 
4.  h  Acjuarii 
a  Piscium. 


^  Aquarii 
!•  4/  Aqiuirii 
X  Aquarii 
y  Piscium 
2.  4/  Aquarii 


3.  4/  Aqnarii 
b  Piscium 


1.  «  Piscium 


2.  «  Piscium 
3  Piscium 


4  Piscium 
X  Piscium 


s 

!-♦ 

c 
a. 


6,7 
9 
6 

7 
8 


5 
5 
6 
4 
5 


5 
5,6 
6.7 
7,8 

5 


6,7 
5 

8 

7 

7,8 


7 
6,7 
7,8 

7 
6,7 


5 
5 

8 
6,7 
6,7 


Riiht 
Ascension 
in  Degrees. 


D.  M.  S. 


343.  4k  10 

344.  4.  9 
31-4.  28.  56 
344.  39.  52 
344.  57.  8 


345.  51.  41 

346.  13.  6 
346.  29.  29 

346.  44.  48 


347.  0.  30 

347.  24.  47 

348.  11.  80 
Ji48.  13.  7 

349.  2.  89 


349.  7.  31 

349.  20  2 

349.  42.  14 

349.  50.  10 

350.  10.  6 


350. 
35a 
351. 
351. 
351. 


17.  52 
50.  23 

10.  31. 

11.  22 
25.  19 


352. 
352. 
353. 
353. 
554. 


17. 
50. 


15 
15 


31.  43 

55.   11 

6.  50 


6,7 

354. 

17. 

14 

7 

354. 

26. 

18 

7 

354. 

31. 

20 

6,7 

354. 

40. 

49 

6 

354. 

51. 

3 

Annual 
Variat. 


S. 


46,92 
46,88 
45,93 
45,93 
46,67 


46,64 
46,88 
46,75 
45,85 
46,86 


46,88 
45.70 
46,08 
46,71 
46,01 


46,02 
45,68 
46,16 
46,20 
46,33 

46,15 
46,15 
46,48 
46,01 
45,97 

45,81 
45,99 
45,78 
45,93 
46,49 


45,98 
46,28 
45,99 
46,02! 
I  46,37  ] 


Right 
Ascension 
in  Tinie. 


II.     M.      S. 


22. 
22. 

22. 
22. 
22. 


5I>. 
56. 
57. 
58. 
59. 


56,7 
16,6 
»55,7 
39,5 
48,5 


23. 
23. 
23. 
23. 
23. 


23. 
23. 

23. 
23. 
23. 


23. 
23. 
23. 
23. 
23. 


3.  26,7 
V52,4 

5.  57,9 

6.  15,9 


Annual 
Variat. 

4- 


S. 


3,128 
3,125 
3,062 
3,062 
3,111 


3,109 
8,125 
3,117 
8,057 


6.  59,2    3,124 


8. 

9. 
12. 
12. 
16. 


2,0 
89,1 
46,0 
52,5 
10,6 


^3.  16.  80,1 
23.  17.  20,1 
23.  18.  48,9 
23.  19  20,7 
23.  20.  40,5 


23.  21.  11,5 

23.  23.  21,5 

23.  24.  42,3 

23.  24.  45,4 

23.  25.  41,3 


29. 
31. 
34. 
35. 
36. 


9,0 
21,0 

6,9 
40,7 
27,3 


23.  37.  8,9 

23.  37.  45,2 

23.  38.  5,3 

23.  38.  43,2 

23.  39.  24,2 


3,125 
8,047 
3,072 
3,114 
3,067 


3,068 
3,045 
3,077 
3,080 
3,089 


3,077 
3,077 
8,099 
3,067 
8,065 


3,054 
3,066 
3,052 
3,062 
3,099 


3,065 
3,085 
3,066 
3,068 
3,091 


North  polar 
Distance. 


D.      M.      8. 


99. 

98. 
89. 
88. 
97. 


3.  57 
50.  12 

0.  44 
59.  28 

5.  46 


97. 
100. 

98. 

87. 
100. 


10.  29 
13.  37 
52.  3 
51.  40 
19.  28 


100. 
85. 
90. 
99. 
89. 


45.  13 

45.  36 
51.  29 
36.  29 
53.  24 


90.  1.  28 
84.  46.  16 
92.  11.  18 
92.  56,  83 
95.  13.  46 


92.  14.  32 

92.  24.  14 

98.  37.  25 

89.  50.  35 

89.  3.  39 


Annual 
Pre  CCS. 


S. 


S5.  30.  16 
89  22  18 
83.  58.  14 
87.  40.  33 
103.     4.  11 


88. 

48.  21 

—19,95 

97. 

31.  37 

—19,95. 

88. 

56.  58 

—19,96 

90. 

5.  16 

—19,96 

101. 

8.  31 

—19,97 

* 

9,24 
9,28 
9,32 
9,83 
9,36 


9,44 
9,47 
9,49 
9,50 
9,51 


9,53 
9,56 
9,62 
9,62 
9,68 


9,69 
9.70 
9,72 
9,73 
9,75. 


9,76 
9,79 
9,81 
9,81 
9,82. 


9,86 
9,89 
9,92 

9,94 
9,94 
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MAYER^s  CATALOGUE  OF  THE  PRINCIPAL  STARS. 


■•v 


Numb. 

of 
^  Stan. 


MUDCS 

ind  Places 
of  the  Stan. 


981 
982 
983 
984 
985 


Pisdonv 


f 


V  Piscium 


7 
6,7 
v'|6,7 
6,7 


- 


Pisciam 


986 
987 
988 
J  8i9yj[  «.-;€  Pjiciira 
Piacittin 


in  Defreet.. 


D.     M^     8. 


w  .1 


tL 


5^-. 


: 


8ftP. 


toi 


1 1 


5 
5 

ft6 


.^S5.  32.  12 

356. »  0.  40 

.35ft  M  f  55 

356.  59.     I 

,357-   .8^  54 


46,U 
46,05 

46,12 
45^ 


yRii 


Ascenuoa 


in  Time. 


AnnuiA 
Variat. 


NiNtb  polar 
Dittaace. 


Annual 


IK      M.     8. 


8. 


fiodrotaEKd^ 


2 


357.  46.     5 
357.  47.  5$ 

357.  49.  16 
367.  56.  44 

358.  38.  56 


46,12 
46,12 
46,07 
45,93 
46,08 


23.  42;     8,81  3,076 
23.  44.     2,7 
23,  44..  23,7 1 
23.  47.  56,1 
23.4&.32»3 


M. 


23.  5L 
23.  51. 


4,3 
11,7 
17,1 


23.  51. 

23.  51.  46,9 

23.  54.  35,7 


94.  19.    9^ 

3>07O  J     9L     3.  2r 

8,059^  i   84i    5.  40 

94.  43.    8^ 

84.  17.  50 


3,075 
3,061 


3,075 
3,075 
3,071 
3,062 
3,072 


—20,00  I 
—20,00  f 
—  20.02 


^59.  23.  20    45,91 
ai59.  47.  39    46,02 


23.  57.  33,3 
23;  59.  10,6 


3,061 
3,066 


I 


94.  11.  40 
97.  10.  44 
93.  56.  1< 
82.  40.  47 
96.  52.  55 


19,99 
20,00 
20,00 
20,02 
—  20,02 


6^.    47.     1 
93.  43.  39- 


20,08 
20,03 
20,03 
20,03 
20,04 


I 


(11 


20^04 
20,05 


«*' 


[Mayer  had  no  tran^t  mstrument  to  take  the  night  ascension  of  the  stars,  but  took  them  witl»  the 
telescope  of  his  quadrant.  He  settled  the  places  of  seveial  of  the  bright  stars  which  were  vi-ible  in 
the  daythne,  by  c0f)Aparl<6ll  with  the  sun  in  the  same  parallel.  But  this  could  only  be  ^plied  to 
tho^  stars  whose  ded&iatibBS  wcte  less  thin  18%  as  the  sun's  motion  in  declination  would  otherwise  be 
too  smalli  He  composed  Jiia  splar  Tables  by  thchelp  of  the«e  bright  stars*!  and  by  compariag  tlie 
transits  of  the  said  stars  with  those  of  the  sun  when  its  declination  was  between  18^  and  2d|%  taking 
the  sun's  right  ascension  answering  to  the  longitude  computed  by  his  solar  Tables,  he  found  the  er- 
rors of  the  plane  of  his  quadrant  at  those  altitudes  ;  and  then  by  observing  the  zodiacal  stars  within 
those  limits,  he  filled  up  his  catalogue. 
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INDEX. 
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THE  FIGURES  REFER  TO  THE  ARTICLES. 


hi     III  ^ 


3 


A, 

ABERRATION  o^  the  fixed  stars,  503;  the 
^  theory  of  it,  from  5M  to  521 ;  in  the  planet^ 

536  to  53^. 
Achronieal,  rising  and  setting  of  a  star,  what  it  is, 

57 ;  bow  found,^7884 
Almacanter,  what,.22. 
Altitude,  on  what  circle  niea8ared,<34 ;.  etrtr  of  given, 

to  find  the  error  in  time,  93. 
Atnphisciir^lS^ 
Angk,  between  two  great  circlet  hew.measvred,  IQ  y 

of  position,  130. 
Anomaly^  what  it  is,  65  y  mean,  how  found,  222 ; 

true,  how  found,  222,  223,  226,  227,  228  j  excen- 

trie,  what  it  is,.aDd  how  found,  222. 
Antaci,'T1f9. 
Antipodes,  779i 
Aphelion,  what  it  is,  60;^  how  to  find  it,  250,  25% 

254, 258,  26^ 
Apogee,  what   it  is^  62;    of  the  moon,  its  mean 

motion,  347,  902, 1188  ;  of  the  earth,  250,  271. 
Apsis,  what  it  is,  64;  distance  between  the  apsides, 

how  found,  832,  833, 1162, 1165. 
Ai^as,  proportional  to  the  times,  805  ;>.  accelerated 

and  retarded,  809. 

At^^ysaeal,  Wa  nwaning,  50^ .  ,      .     .^ 

udbmRfian,  right,  85 ;  oblique,  36^';  their  diffirenoe^ 

eaUed  asansUmal,  STy  rights  of  any  faod^  bow  to 

5 


4 


find  it,  119;  right,  of  a  fttihr  how  Urst  ti>  find  it, 
119,  120;  pra«;ti^  method  of  finding  Uie  right 
asGcnsioDs  of  the  othec  stars,.  121,  12^;  right, 
bow  to  find  it  from  the  latitude  wild  longitude, 
124  ;  variation  of -it,  1047.  ^  * 

Ascii,  778. 

Antoaoa^  the  bist«iy<ofrCiiA^  XU*  • 

Attraction,  of  two  spheres  to  each  other,  835 ;  to  a 
sphenoid*  B36.    Bodies  revo(ve  about  th4ir  center 

.     of  gtavit9(,^04O|ai4iiaw.af,  838.      ^ 

AMisitvfihR'^BMltk^iAiyb  .'.>  iv-        . 

Atinmthyifh^k  is',  29J  I 


^•r* 


Ci^fT^iCOGETE,  of  fixed  utars,  723. 

Circle,  a  great  one,  2 ;  a  small  one,  2ftaxi8  of  a 
great  one,  3 ;  its  poles,  3 ;  of  decUntdtion,  19 ; 
vertical,  24;  arctic  and  antarctic,  44;  iof  perpe- 
tual apparition,.. 78;  of  curvature,  810  i  how  the- 
force  and  velocity  vary  in  circle^  819.   ] 

Cofures,  equinoctial  and  sobtitial,  43. 

Comeis,  what  they  are,  72  ;  to  determine  tl^  orbits, 
&c.  639  to  697.  ^ 

6ommut(Uion,  angle  of,  what  it  is,  52.       j 
■  fiaq;niic#tViii,  >y hat  4t  isi  4g^  of  an  infanor  planet/ 
when  it  happens,  .238. 

Constellation,  what  it  is,  74;  their  number,  78)^ 


MO 


INDEX. 


CbmkMi,  i^mg  lAkK'ifcttillit'or  tt  tM,  wint  it  b,  57 ; 

liow  foand,  788.    "'         '  '   ''' 
Citri€te  difUnee,  wbat  it  is,  '59. 
C^efe/wbat  it  if,  758;  of  the  sun,  Iiow  found,  75S; 
mooD,  haw  found,  758. 


r     » 


n.     ......  .r  . 

S}AYS,  why  fhcy  ^ij  «  length,  81.'    '     - 
JkcHMOiUm,  cir^lai  6f,  19;  psralldn  of,  ^8$  irhat 
it  19,  98;  hdvr  U>  fitad  it,  138;  to  find  it  firom 
the  ktitttde  waA  kmsitude,  124;  variaticm  of  it, 

1040:'"  •■   \ 

.Dbifftib;'t>f  tUe'phnebi,  1060;  ke. 

DM,  shMdir  df  rt«  gmnndh  when  parallel  to  the 
"earth's  axis,  il^ver'goei  backward,  99;  anhorison* 
i'Ut  oii^,ho#^'c^ftucted;  113;  a  rertical  south 
"te^,  II3>;  hoWtoihe^cb,  114, 116. 

!il%«;'#hiit  it WW; ••"■■'■    '-     .'■'■'■.•. 

IhMtjiA^^^Iltiffe^^vtuit;^^!  ^ 


IM// 


t,U    .li.. ■'  >1'J  ■ 


.  i^r^i 


{■•■ 


iSl§R^,\ig%jphtk^^;m  iHyw  di^b^tered;  84; 

bow  a  degree  on  its  sorfiure  ii  'measured,  84 ;  its 
^'tgnit  fonhd  by  bbrary  tkiUlaircs^lM;  it  revolfes 

about  an  axis,  209;  iU  tropical  reTolutioni,  146 ; 

^  'Hs  aJd^eal  retolutkxr,  149;  lb  aiiomaltidc  reroki- 

ruckmi  'I50v  greatiit'  eqtMlon  tiT '  its  ofbitp  949; 

^'t'hMtMr'of  Itt  apegtfe,  850 $ '  excenftridty  W  its 

.  ^«febi^36l ;  motion  of'  its^a^iog^,  871;  fig^dire  of, 

fnom  905  to  10034^  dhibHisioila,  1009  l!io  1013 ; 

dcrisity  and-quantity  4f'tnbtber;'l007i"ligbt  and 

hdU-,1079.   '•■  '-»    ...'..  ■«     '.. 

JBiutfr»«  Acacftty,  how  foon^,  804.  < 

JBeiijm;   prqjeetion  for   iHe  cdnfiftruction  of  ^lar 

telipses,  538  ISt>  542;  of  the  tn<)on,  how  caused, 

'543;  how  calculated,  544  to  553;  its  limit,  552; 

bow  constructed,  556;  of  the  suii,  its  cause,  557 ; 

•*iU  limit,  560;   how  caknilated,  562  to  572;   to 
«£od- the  point  of  the  sun  first  and  last  touched  by 

•'the  vno^n,  573;   to 'construct  an  eclipse  of  the 

'  sun;  575  to  578 ;  bow  calculated  from  the  pro- 
jection, 579;  inflection  ^  the  rays  at  the  moon, 
580,  587 ;  to  trace  ^t  the  path  of  the  phases 
-^upon  the  surface  «f  the  earth,  581  to  584 ;  phseno- 
mena  of  a  total  eclipse,  585 ;  to  find  the  distances 
of  the  centers  of  the  sun  and  moon  at  the  time  of 

'•  «n  eehpse^  586:  'number  of  eclipses  which  may 
happen  in  a  year,  588;  more  solar  than  lunar 
eclipses,  589.     • 


EcUpiici  Wbat  W  is,  30 ;  iU  dbliquit:^;  '31 ;  eUiqaH^ 
how  found,  151;  its  displa<^ent,  1074;  itn- 
ation  of  iU  obliquity,  1 090.  '  ^ 

Elongaii<m,  what  it  is,  48. 

J&Mcf,  bow  found,  800.  ^ 

ISqnations,  what  tbe^  wt,  69;  of  eqad  altitadea, 

107 ;  of  the  moon's  orbit,  Cbap.  XXXIL 
Equation  qf  the  OnUef;  wbat  it  f s,  65 ;  bow  found. 

223;  when  greatest,  230;  to  find  the  grealfest 

equation  of  the  center,  249,  254,  258, 260. 
Equation  qf  Time,  what  it  u,  56,  129;   how  to 

compute  it,  ISl,  132. 
Equator,  terrestrial,  15 ;  odestial,  18 ;  its  oUiqoity^ 

how  found,  88. 
Equinoctial  PdttU,  or  Equinoxa,  wbat»  31 ;  to  find 

when  the  auD  comes  to.  them,  143 ;  '{jfraeofMOfiroC 

from  observatioo,  147 ;  prece6sioa<^f;  froqafip^bat 

cause,  859;  theory  of  the  precession,  1014^  &c. 
•  their  motion,  from  the  attraction  of  the  filaaet^ 

1086. 
Excemricity,  of  an  orbit,  bow  found  from  the  gneatesl 

equation,  231,  249,  254,  258, 260. 

F.      , 

FORCE,  hs  a  curre,  what  iit  is  proportional  to,  808, 
811 ;  how  it  varies  in  a  conic  section  to  the  fociiSy 
813;  oentrifugal,  how  it  vines,  826;  Aiali^btt 
and  addititious,  843  ;  their  general  cifedli^'848^  to 
858 ;  disturbing,  of  the  moon,  864. 


G. 


(7£OI2G/.#^  planet,  its  relatire  dbtance  from  the 
sun,  299 ;  its  tropical  and  sidereal  revolutions,  abd 
secular  motion,  247 ;  an  account  of  its  discovery, 
and  a  determination  of  the  elements  of  its  of1)ir. 
Chap.  XVJ;  density  and  quantity  bf  matter, 
1067 ;  light  and  heat,  1069. 

Clobes,  terrestrial  and  celestial,  their  use,  766' to 
790.  '    *    •'• 

Golden  Number,how  found,  799. 

Gravity,  Kepler's  idea  of  it,  220. 


H. 


HEAT,  its  variation  at  difRrcnt  seasons,  and  in  dif- 
ferent climates,  81 . 
Heiiacai,  rising  aiid  setting  of  ^a  stao  what  it  is>  58 ; 
«  bow.  fiMod,  789. .   : 


t  « 


l}iJ)EX. 


3&1 


B'^mw/>^e,  northern  and  southern,  15;  eastern  and 
we^tern,  27. 

Heteroscily  778. 

Horizon,  stmible  and  rational,  21. 

HoMr-angle,  what  it  is,  88 ;  how  reduced  into  solar 
time,  88;  how  found,  89,  91,  92;  reduced  more 
accurately  into  solar  time,  lOU;  how  reduced  for 
a  fixed  star  or  planet,  101 ;  how  found  wbea 
any  body  riies,  102. 


L 


IN  DICTION,  what  it  i^  801; 

Interpolation,  the  doctrine  of,  Chap.  XL. 

Japiter,  its  mean  motion  found,  240 ;  its  secular 
equaiiow/S-l^/ ;  its  ti epical  and  sidereal  revolu- 
tions, and  secular  moti(»n,  247;  greatest  equa- 
tion, excentricity,  and  pJdce  of  tiie  aphelion  of 
its  orbit,  253 ;  motion  of  its  ajihelion,  273  ;  plnce 
ef  its  node,  283;  inclination  of  its  orbit,  286; 
motion  of  its  nodes,  288;  time  of  its  rotation, 
402  ;  its  figure,  982  ;  density  and  quantity 
of  matter,  1067  ;  light  and  heat,  1069  ;  mo- 
tion of  its  nodes,  change  of  inclination,  1Q79.. 

K. 

KEPLER,  his  discoveries  in  Astronomy,  Chap.  K. 
his  problem,  221.. 

LATITUDE,  on  the  earth,  16;  of  an  heavenly 
body,  40;  of  a  place,  how  found,  85;  of  a  star, 
how  found  from  the  right  ascension  and  declina- 
tion, 124;  its  variation,  1093. 

Lonptude,  on  the  earth's  surface,  17;  of  an  heavenly 
body,  39 ;  how  found  from  the  right  ascension 
and  dechnation,  124 ;  of  places  on  the  earth's  sur- 
face, how  found,  735  to  765 ;  of  a  star,  its  vari- 
ation, 1094. 

M. 

Maps,  the  orthographic  projection  of,  1232";  the 
stereographic  projection  of,  1234;  the  globular 
projection  of,  1239;  Mercator's  projection  of, 

1240. 

IMfarSf  its  mean  motion  found,  240 ;  its  tropical  and 
sidereal  revolutions,  and  secular  motion,  247"; 
place  of  its  apbehon,  excentricity,  and  greatest 


equation  of  its  orbit,  256 ;  motion  of  its  aphelion, 
274;  place  of  its  no<le,  283;  iuehnation  of  its 
orbit,  286;  motion  of  its  node,  288;  time  of  its 
rotation,  403;  quantity  of  matter  and  density, 
1067  ',  light  and  iieat,  1069 ;  motion  of  its  nodes 
and  change  of  inclination,  1079. 

Mean,  place  of  a  body,  .68;  motions  of  the  planets, 
how  found,  239. 

Mercury,  its  mean  motion,  243^;  its  tropical  and 
sidereal  revolutions,  and  secular  motion,  247  ; 
place  of  the  aphelion,  excentricity,  and  greatest 
equation  of  it»  orl>it,  256,  259 ;  place  of  the 
aphelion  determined,  262 ;  motion  of  the  aphe- 
lion, 276  ;  place  of  its  node,  283 ;  inclination 
of  its  orbit,  286;^  motion  of  its  nodes,  288; 
when  brightest,  320 ;  how  to  compute  its  tran^ic 
over  the  sun's  di^c,  61 1 ;  to^lind  the  place  of  the 
node  from  its  transit,  632 ;  diflt^rence  of.  me- 
ridians found  from  the  transit,  631  ;  deuhity  and 
quantity  of  matter,  1067  ;  light  and  heat,  10G9 ; 
motion  of  its  nodes,  change  of  inclination, 
1097. 

Mtn^idia/if  on  the  earth,  16 ;  celestial,  25  ;  when 
any  body  comes  to  it,  105,  107  ;  how  to  draw  a 
meridian  line,  115. 

Mid-heaien,  what,  106 ;  its  right  ascension, 
106- 

Moon,  the  time  of-  its  rising,  how  found,.  103; 
te  find  the  time  when  it  passes  the  meridian, 
106;  its  right  ascension  found  from  observation, 
122;  its  declination  found  from  observation,  ItW ; 
it.s  latitude  and  longitude  computed  from  ^  its 
right  ascension  and  declination,  124;  its  paral- 
lax, how  found,  157;  its  parallax  in  latitude  and 
longitude  computed,  164;  its  horary  pars^lkx, 
168;  its  distance,  170^;  its  mag^nitude  compared 
with  that  of  the  earth,  171;  why  it  appears  of  an 
oval  form  near  the  horizon,  207  ;  to  find  its  nodes, 
327,  328,  329  ;  motion  of  its  nodes,  380 ;  incli- 
nation of  its  orbit,  332  ^  its  mean  motion,  333 ; 
its  secular  motion,  337 ;  sidereal  and  synodic 
revululion.s  3^39;  equation  of  its  orbit,  340;. 
place  of  its  apogee,  341,  346 ;  mean  motion  of  its 
apogee,  347  ;  equation  of  its  orbit,  and  evection, 
349;  its  variation,  351 ;  its  annual  equation, 
352;  irregularity  of  the  motion  of  the  node«, 
and  inclination  of  the  orbit,  how  Tep resented, 
354;  equation  of  latitude,  how  found,  355;  ele- 
ments of  the  theory  of  the  moon  from  observation, 
355;  acceleration  of  the  moon,  356;  diameter  of 
the  moon,  how   measured,  360;   time  of  pass- 
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